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FOR ELECTRONIC PARTS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To control a coupling direction 
of a ferroelectric insulation film, restrict mutual operation 
with an electric field and restrict a deterioration in an 
induced electricity due to the electric field, by a method 
wherein simulation resultants, based on molecular dynamics 
and fluid models, are utilized for other simulations. * 
SOLUTION: In a process fluctuation calculation unit I, 
macro-property not taking into consideration fundamentally «£ 
an atomic level is calculated, and is stored in a file 2. In file 
contents, a coupling angle of an interatomic position vector 
calculated in a molecular dynamics simulation II is inputted 
to a film characteristic calculation unit III, and a fundamental 
film characteristic is calculated therein and returned to a 
file 3. The fundamental film characteristic calculated in the 
film characteristic calculation unit III is also returned to the 
process fluctuation calculation unit I as a part of 
parameters. The molecular dynamics simulation II is 
executed in combination with a molecular dynamics method 
and a density function. As a result, it is possible to progress 

a semiconductor manufacturing process according to a desirable process, or with amendments 
without a test piece. 
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[0058J WC, («*Ja3 4 ) 14. ±1SI»* 

[00 5 9 3 SEC, (IS*J33 5 ) {4. ±ISft* 

«e^{4^sm*iBiT-ft^ixi» z b *mm.t 

[0060 3 5EC, *^Bfl (lf*3S3 6 ) {4, ±ieif* 
H3 0Cfc^T, UiE»JftxeH^*«E*!iSI-t*IS 

um^mmx-nhix&zbinmb-th^mwm 

[006 1 3 !EC, *^HJ (&gj&3 7 ) (4, ±ieW* 
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[00621SC. < m*JS3 8 > i4, ±bi»* 
tastIujw-*. 

t 0 0 6 3 ] Kfc. ( W*«3 9 ) (4. JJEIft* 

S!3 8tefelrvc. Me*PKiiaHmi#&(i. 3fc[S1)ffi£ 

mews. 

[0064] *#H dWc«4 0 ) {4, ±121** 

[00651S:. (l«*JB4 1 ) (4. ±tef*# 

«4 0K*JV^. ffliBe«W.1f7 i ^^-v;H4ATTA^ 

[00663 JSK. *JKB (ff^3S4 2 ) <4, UBIf* 

VS"WUT*4i-*£ fc fc»«fc*4* : rtHM>lia>' 
XrA fruits. 

[ 0 0 6 7 ] JJfc , #&Bfl ( j|^r«4 3 ) 14, UEM* 
JB3 0C«v>-c. maittTShJ]^ ZPLU-is? y-cm 

&. 

[ o o 6 8 j jek, *«w (t»^4 4 > a, _tse«r* 

«s ; tf;K^)7'n-bXv'SiL'->-3yt4, Mz'iKIti' 

[ o o 6 9 1 «=, *«s ( mtm4 5 ) (4, ±mm 

«4 3t*Sl»T, mte3^7t;^ ; ?l!i^xS J .U-xg 
>-*^BUia3??:7t;iS# ; E'rVUOTo-feXx5 *V- x 3 

[ o o 7 o i BPt. ±iaw*JS3 onmmxm 5 me 

«<OtE^awfcc7)«{ x -r A J; till. ayCa-^c 

x . «*#wir8iJH£i; 7*4^4 AT^»f£.rfca«r 

[ 0 0 7 1] X. «KB (l»*«4 6 ) {4, VFffiAO 



[0072] SC, *«BB (IS^^4 7 ) 14, _hIEIS^ 
Jg4 6 CfcWC, Bfiie^»^^SiU-X3y(4, 
ttTOa^fcfflKMHHfci: «ll»*b*C 4 S £ fc 

[0073] JSC, (|t^4 8 ) 14. JJBI** 

&. 

[0074] SC. **UJ (IB««4 9 ) J4. JJE3II* 
[007 5 3 35C **H (IWWI5 0 > tt. JJHf* 
[0076] JSC. *#MU (If«qi5 1 ) 14. Ugm* 

^ii£fs*. TOE^iWj^sau-^sytt, ire 
too77] jgc. < irons 2 ) {4. ±mm 

[0078] HC. *«W (M$a5 3 ) t4, ±»»* 

[0079] sec, *^bj (f»*JS5 4 ) t4, ±ien« 

6. 

[0080] »C *fHB ( Jt«*5 5 ) t±, ±ia»« 

[0081 ] («^Ja5 6 ) <4, 

JH5 5Ct5V^T, f!fiE^»^^v5 aU->-3 VfcSS 

2 3 >-t'*>& i fc S:1fiafci-&ie««f+:Srffi« 

[0082] SIC, *JMH (i»*JB5 7 ) 14. JJESt* 

>-*>fe*rffi 3 iXTtSS^t^forn-t x iy s a u-v 3 

**»C2i3n*Cfc«:«fafc-r*ia»«*S:««-*-S. 
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[ o o 8 3 ] bij*> , ±iem^«4 6 nmm^ 5 1 ke 
&zti>. nmmm**mzmH&zbh%<. ay 

ditSr^t^ft. 

[00 84] (|S^9) tt. ab i n i t i o 
nm&7n*X<r>imcr)Xmcr>'Jt-%< b t> 1 ofcfctf 

ft , aawfistigia^^fc < 1 1> i owRje*. & 

fc 1 1 -3fcBW-ft1«k«0l»tt«jJ«Sr< fc 1 

; e^fiH-f- ? t MEae^xs^) 

iJ«5r< 1 1 1 -3fcfcftftfllS!1M»<0«ftt<0^< fc fc 1 
*®b Srjyttft , *»*^ilOSi!JSXSHT^i§lf)T • 

* tcov vc . ms. Lfc j: a zimztmwm^ *t v> 3 ra 

5Afci»rU>#STa*3li\ LA>fc, ::c03ttfcj; 
0, ♦*rfc*v*rU*«*3l*W*-£kjWi|*fc. 
jyTfcHlfciBB&tft. 

[ 0 0 8 6 ] *r ( 1 ) OttJBttrofflHfcHLT^L 
BKWxT**. tt^tS^Tte, M^ffl-fflafco 

xx, zn&. tiuv>*ioo«fcttiooo« 
oaf^ABKa-sTais-ttriiK tor**. 

[0087] w<03H»^e«O»t=^ft*^>ff»*t-# 

«*r*ft. ;*i*<, aaw3««*jsr(43i*»oy5:i9>i 

/Cr*ft. #IKiNi, •€-<0JB'3«0g(^*»fe^«-SJtTV> 
ft. jfi 4>fc, a<»ff*»fet, ^S-K-oT 

^ft. ■r<it#Jtt-4<fi9l*»**. HRfcttrWy^O 

mz^xmm^nh^Ty^riv^/v^v u * t>t 

to&fl^ fcjqfcft ^fco^T^faftOf— TOl^tfs-? T 
*K#}£$rSXoTOfc. ,I<0#&r<i, ±IB<7310 0ffl 
*fc«tl 0 0 0f@c0irffco<,vc, ft®. -f-7>£# 
mi. #f-^*>W0**3fcJl.Tfr<fc*)r**. Z 



tin, ft$uzmrsi<r>mfr&%>(r>x'ibz>. ttztff-y*-* 
r >• x -v § o*ti*tur>iito fcstr ft ffl £ # . 

*ftftlO*l*J<>5:*JfcJS&*>ftr*ft (02#PS) . £ 

[0088] $Mf zcomz, »«^-^S:^ft*>tm 
^ fc . ^•f-y^-r/K0»«Sr^L^^**^*caa(tr* 

6*»ii>r-*ft. ±fcfca^fc«fc. -ir-rw-wu (v> 

»i. SB9««^^»i*J5vwAS (<?) , $£>fc 

tt, ffiK(r) 3fs*<S&K*>4>*-£oTOft. 

fc, .1*1*, &¥Wfc, «^-LrraR*ffftO«#*»C 

xnrs r commzfS.-? /s o-tft . 

[00893 *»J»$>fci. C<0«=3rHRfc**fc«at 
r, iKoW^^-fV^^/KOStJBSC^IRjS*, iSE-T 
ft«=5r^-fco^T, ««^*<K»feivSr*»ofc 

nfcio, ^ a ttsos^a- jy ewkssekst ft *5 , it- 

M&mnzl&K aj* ft J: 3 izKc o . tie*o J: 3 fc , 
a*S*^BL^r<T^V^3fc*->fc. 
[00903 Til. Zco&®m@Mmftj>i<?>~&CDWfo 
S-WTfc^-t. ihii. -HRfc3«0«T*»SLT. 

*tx^b. ■t%*>-b. mT 3<BfcWLT-«wfciaai 

T^ISlOftJK^tffajT'Sft. CinfefcJ:»5, ."Kt-^v 

r^*-«wfc*«)fe<i, ztizbtiz, firno*i*ifc 

fc, ^fVyvW j SrgJSfcJtiiJ-tf-ftrfctfiiJ 
JRft. jfilHlLTffl^T^ftSftfcov^ 

fc. 

[00913 ttT*%mz£&isATJ*<?)mm$:&mt) 
ix^&¥mi*9m~>xf-j*co-mxt>&. zzxu, 

Xf<7 V I fc J: oT^iOKiR^^ h/l^S-^ 

TV^ft. 

[00921 X«#Yto*~9V \kZi.iX^h1Xtz% 

<mm.x^ Mwa. -S7r>f^4fcLT*atts<x, 

X*-y' A -5VI IfciS4.nft. xyx*j.-5VI Ifc 

[00933 *tlt^Bi«!^gP I VT'Ojt«t6** { . 
BSriBiT^ntf, x^v^SrStfcS^rV^ofcUT? 

4v»t>n%ixh. ifc, ssfcUTv^nor, 
zmnx-yvst Lrwro-fe^sawaj^-y h i fc 

ii^ixft. 

[0094 3 :rn-(r.XSSSJrffiJ.-'y ^ 1 Tli, i« 



< 1 1) 
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jR^iaea^^ t^ta^M;, K^*a^-x^ h i 

^3tcg5§*l6. JRltttSffixr^y h I I iT&aSft 
[00 963 £*>J:3fc. *»«=J:^-t* 

[0 0 97]SB*fcfcL »fll^^l/-^I ICO 

rt»*<»fca3!-cfc6. ft*W(w«, a 7 corn a 

#1 1 alt *ft«WfcJ:oT*A3ftfc3B«JIia(i 
H^*f«B**fcW*9* »2<0»#I I btt, H 

t o o 9 s ] ip*>. *femt>i±, &n&¥mmztz*> 

Ittz. EkT. *ftmz&l?&mL^ah i n i t i 

« [n (r) ] -/« (r) ■ Vj (r) d r + 



[0099] *m*%m*fmifzm 

3>c^£ttft&£ia3^*f. 4H«*W^ (MD) 
fcWflWW* <DFT> fc££j£Lfc*rLv^£Sr«3R 

[0 100] 03i:^t«t9C, fr?*^ (MD) g|J 
( D FT ) fcLh¥#Si5*>TV*4. »^»*^ffi{i*K 

xr-yss+frim^b. wflKWBR (dft) 
(ks^) mm*m\sm*m 

mttz. 

[oion dftb^ mn<n%^it¥Zkcomim 

l»»*-C3*^er^-r*C) t^JSn < r ) OtflJWftE 
[n ( r ) ] X'b&. 

[0102] BPfc, E [ n ( r ) ] TIEjS (120 

i ) 

[0 1033 
[»1 3 

4- J J <2n (r) .n (r' ) ) 



/ CI r-r' I) • drd r' +T B [n (r) ] +R xc [n (r) ] 



•(1201) 

fcifl*lfl<0Vz (r) \m<07~V>1%%:£CD9m, 202) 
fB2«««flB<o^-ny«5fffflx*/^-, S3Jf[ [0 104] 
li, «^lfKfi««r«JgLT. *FnMB5fW!<0*v* [&2] 
l*0*»x*/Mf-T s [ n ( r ) )T'*> 0 . TE* ( 1 

T a [n(r)J ■ 2WV.*(r) ^(rjdr ...(1202) 

^4JH<i:3<»fflMx^^-Exc(n ( r ) ]T\ [0 105 3 

mMnmaesmiza. *w*n ( r > artea [»3 3 

(1 2 03) fcjoasn*. 

n{r)- 2 |f (r) |' - £ V * ( r ) (r) dr -(1203) 
i-i * i»i 1 * 



X&WBUi* *(1201)^E[n (r)] co$2ft£ 
0kte\t*X&&* TOR (21), (22)C^tKS 

(Kohn - sham equation) 
WC. Bfl**EO/h*V^3&>^N«JRffi-r^. * ( 1 2 
1 1 ) ten (r) ^Tl^d^, n (r). 

[-V« + V.„ (r) ] y (r) 



( r K WSM^y^A^Veff ( r ) 
(self-consistant) WKA^imift 

[0 106] 
[»4] 

= EV (r) - (1211) 



(12) 
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V eff (r) =V Z (r)+!2n (r' ) / ( \ r-r 
d r' + SE XC [n ( r ) ] / d ix ( r ) 

3W«WX*/W*-Exc [ n ( r ) ] ^f9r?£J££& 3 ) 

(LDA) -Cl^SfcO^X+^-exc ( n > (C« [0 107] 

WflEnSrWtTIB^fiitfcliO, TIK (12 1 [»5] 

E xc [n ( r) ] = \ e IC ( n (r)) n ( r ) d r 



I ) 



(1212) 



exc ( n ) comii. W i g n e rffi<9*Sr£\ W5 VVb 
S^Cti* « ( 1 2 1 1 ) OVz ( r ) t LT&<7>? 

N 

K- = XTj* (r) V £ (r) dr + U (a <r> . { R { ) . { av ) ) 



(1213) 



[0108] ±x*;|/*-fc LT . *AW««ttmF£ 
^t«Ot^>Meofc. BP*>, TiK (1221) 
[»6] 



< Ri > \$A *y<7)&cr>jm. { a v ) ii5Mfco 

*Jtt*ft meL^) ,^(122 

1 ) cO*jZ2»13S«i, DFTc^Jt (12 0 1) *^fiJ2Z 

cOTs [n ( r ) ] T'fcO, j£ ( 1 2 0 1 ) ftmcom 
( 1 2 2 1 ) <J0U«01»r*>*. tOflMMi* DF 

T^*&fcB«fe lfrifi«0« (12 11) **4>V Bff 
( r ) 7*8*1. Vz ( r ) ^S^f-y^^/UT- 

1 1 9 



■■■am> 

( 1 2 2 2 ) t^ffi»flWriBBx*;Mf-SrWA-f 

[0 110] 
[»7] 



2 M I R l 



+ z: 
i l 



•-(1222) 



^T7/7yyrvii Tf£* < 1 223) Atztfu. u vlitite#)%HmX'*>*) . ttSG*>J:3fca 

mzJGlTXtfc. imftftkLX, TMtt (122 
1 0 1 1 1 ] • 4) fc^jQBBSaW 

L = K — E ... (1223) [»8] 

S ( 1 222) +C0Mj«, (-f (DM 

!V(r, t)* h (r, t)dr=^ ih - (1224) 

^^f7^giCm^:*Si»A ik 3) , (1 234)tmt>tl&. 

ZmAlX. UZTK& (1231) SrflqifcfccotfSE [0112] 
ttilth. TI£ft (1232), (1 23 [jS9] 

^A u f/V i *(r, t)T k (r r Odr-i^ -(1231) 
AQjCr, t> — ta*/6**iT t t)) +SA lk T f (r. t) ».Q232) 
MjRj 7 U K .,. (1233) 



*(1 222) ^aH»XJN;mf-i0ilJKT*«*tJC-r'6. 
**ttlt*^<50x^u^-^ie|ij(ci: AJBW 
i&S&ft^X^hntzfrh. 21/2 M x R x 2 £<0H3ffi 



••(1234) 

[0113] Mitf, /z«M I t LTiSiBj^&T— Ofc 
wOB*. S(1231) tf>£iZW*Ofc«r 

*sa«* (1221) fc-e^Toasfcj;^ Tie 



(13) 
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5* oo) t 4>\ eowm£&mmtztti> 

< A ik ) #*?ft«Ht$*iTK. S^rg^ ( 1 2 3 5 > tr» 

[V«-V. ff (r) ] ( r) 
-3*0DFTTKS*g3C*)!lV^OfcRt»S**s i 
mulated annealing X'fttzZ t l/Zts: 
h. fcrtfU iflJKT<D*0Bt£fl5&«(e. ^yf«*n^ 

ynamical simulated anneal i 
ng ( D S A ) fcOftfii*. 

[01151^(1231) <Oflt#£^.&W. #f Li 
T-mmUcMBmR (-34 9 ^-'Jxftft) L 
AtS nk (r. t)= [V*-V elf < 

0nk (r. t) £®BflLT, TE*(1 242) 



[01 14 J 
[SI 0] 

+ £V k ( r ) - (1235) 

<A ik ) £#ft«<k-*-S0i wlUWS^**nktiB^. 
k»i7>;x7>##rt^»ft'^? h/K nli^iS-f y-f 

[0116] 0nw±, riaa: (1241) imtz-tii-r 

[0 1 1 7 ] 
[ftl 1 J 

r)] *nK(r) + A„ h * nk (r . t) 

••■ (1241) 

[0 118] 
[ftl 2] 



%) " 53 C n.I4C (t) • <a «> [' CK+G) r] 



••(120 



f - >i"r >vi?mmm-h tttunz <w%mi-m i o i i 9 ] 

KStfcSflfr^) . ^^f-yxT^V.fftaiffiL [ftl 3] 

t\ TISsS (124 3) tftt&fi*. 

V rff (r. t) z: v c Ct) *«m [iK- r) 
6 

*(1242)fc*(1243)t*<124 1)fcft [0120] 
ALT. Tia^ (1251) [ftl 4] 

M ^ T iU+C (t > '"Pf* CK + G) r] 



•2: [-IK + GI 2 *^] C^ M (t) .«p CI (KKGJ rj 



(1243) 



E SVq, (t) C aI ^ (t) -op [i <K' hK' +G) rj 



(1251) 



GWOmtWCK = K ' + K" fc*>< t , Sexp [ i [01213 
(K + G) r] ^»C03B^iit^^*»^LT, T [»15] 
E* ( 1 252) 

>"T n , K + G (t) = [- I K + GIHAJ C n>K+G (t) 
-2V 6 . G ' (t) C n , K+G ' (t) 
= - [ I K + G | «+V 0 (t>-A ni ] C n , K , G (t) 
-2V G . G ' (t) C n , K+G ' (t) 



:zvmmk£. Ttas ( 1 2 5 3 > tz^-rxotz^m 



[Rl 6] 



&> = (( I K+G I 2 + V 0 (t)-A ni )/M) l/2 



* ( 1 2 5 1 ) <OSifl«:ft»fcHr«-f t . TIES (12 [01223 
61) tfftktit. [ftl 73 



(1252) 



(1253) 



(14) 
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C n , K+G (t4-At)=2cos<a>A t ) C„, K + G (t)-C n , Rt6 (t-At) 

-2 [l-cos(o>At) ] {£ G " V G . G * (t) • C nfK+G ' (t) } 

- (1261) 



[0 12 3] ^-nytff^S^/Wi, OT^J:3(:5: 

v H-V0- |f/ll, l f Vl 1 ' 

a>= -4- 



[01243 * -r mm&&>amt i 

*T**TE* ( 1 2 6 2) *^)WStta6fc. 
[0 125] 
[»183 

•••(1262) 

fT^fBfit*S:f-6. Ewa 1 d <03frffili:£jZL e=oo 

[0126] ?-u>- • ^Wr^tTJE* (127 
i ) \zx^mh^h<nt^h 
[SI 9] 



i*l j»l o * 1 



•■(1271) 



* ( 1 2 7 1 ) CfcWt, N|iJ»ffitSAn(0fl[T3R. * 
cO^flllJK^cofflilfcflW^ri , Zi -C*"J, nil 

h/K'*^t, Tia^ (1 272) KorfJ^tcKSL 

[0 12 7] 



n = n x Z, + n y Zy + n 2 Z z 

dCtC. Zx , Zy 



- (1272) 
Zz tfttlZ'tlx, 



K (r) - f 2: 
(T J 1 



S Z 



y. z^CO^CO^ h/UX\ nx , ny , nz te^-ft 

£' CO' ttn=0COB*cOj = i Sr*< ^ k *»* 

[0 128] ££T*»5J#&W:TE5K ( 1 273)1: 

[0 129] 
[»20] 



hln + r.-r I 



8 t»J dt / 
IT 



±g£S (1 27 3) fcfcvvf, G ( r, t ) tttcOJBJW 
G (r, t) -2*/ (L B Hyl-Lp 



G (r. t) d t 



••(1273) 



n 

J-i 



[ 0 1 3 0 ] G ( r , t ) JSfcTE (1281)1: 
[»2 1 J 



MP [■ 



* 2 |m/ Z +5 



* i m (r * r 



J> 3 



*(1281> 



_tE* (12 8 1) fcftwc. mttat**p<? WP-Cft 
9. TIES <1 282) fcJ:DSU?S*i*. 

m = m x • (1/L X , 0, 0)+m y 
+ m, • (0, 0, 1/L X ) 

fiftmx , my . mz {i-fil-Fil-oo^feoo^fcftSE 
&T'fe& 0 m = 0c7)B#te s exp [ — ] = 1*5*^ ZZ 



[0 1 3 1 3 
[»223 

(0, 1/L y . 0) 

- (1282) 

OWWiiHA*. *6*fc*>m=0<OJa*»<i, Tie 
* ( 1 283) b%$>* 
[0 132] 



(15) 
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[»23] 

G (r, t) — 2 */ (L hL HJ S XL'Z./t 3 

j i ■ 3 

•exp [ - * 2 | n> I 2 +5>jr im (r - i^) ] -(1283) 

*»fl**«i«4H8B«:kT^t, G ( r , t ) €02*3 [01333 
COB&til^ftftX. TtOA (1291) SrftS. [»24] 

K (r) - f 2*/ (L+L + LJ S Xl'Z./t 3 
; 0 1 y r j-1 • J 

•eip [ ->r 2 | ra | 2 +Ui m (r - r ^ 3 

~ J* 9 

J 2/W2C S' Z,»eip [- I n + r r I t z 3 d t 

•••(1291) 

Z £?*WB*«i % &*fc LTTIfi^ (1 2 9 2)* [0134] 
HHtfr. [»25] 

0 

J 1 * • cip [- b 2 1 2 ] d t - 1 /b • erfc(kb) -(1292) 

0 . ttfeo^-oysK^y^-v/Hi, TErt [0135] 
< 1 2 9 3 ) fcj 9*bS*l*. [»2 6 ] 

0-1/ (L +L +7.) S Z/lm} Z 
X y r j=l ■ ' 

•e*p [-* 2 |m I 2 /* 2 ] -co* [2jrm (r-rj) ] 

N 

+ 1/2 22' Z,Z,/| n h r , - r I »«rfc (c I n + r. - r |) 
j-1 n 3 1 J J 

u 

H 1/2 S Z. 1U U,/l r, -r I »« r fc U I r.-r |> 
j-1 1 1 1 1 

-Zj/I r r r |) 

£' <0£±c0' EP»±, n = 0tf>B*, j = i [0 137] 

mm-tz. [»2 7] 

[ 0 1 3 6 ] JEfc, Tie^ (13 0 1) . 

1/2 S Z. 1« Z./s (2//>/«tp ( -t Z ) d t-1) 

-1/2 2* (2//"»*op (-Vs 2 ) ) 

j-1 1 &*0 

H 9 

= -*//> z' -(1301) 
j-i 1 

^C05^ (1301) lir^^^^, afcliWflM: [0138] 
v>. (1301)14, R^Tie^ ( 1 302 ) [&2 8] 



(16) 
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21 !£ Z.^Z.-co* [2*m Cr.-r.) ] 
i j x 3 1 J 

H H 

«2: Z.»cm [2*nxr.] 2: Z.-cob [2*rar J 

W 1 j «1 3 J 

» N 
+ SZ 1 -Bin [2*jj)r ] SZ,*sin [2>rrarJ 
j-I j-1 J 3 

- 2: Z.*cw [2rar,] 4 + S Z.-sln [J>wrar.] 2 

N 

• ( Zj • coe [5liLr.])'+ (£Z, • «ia C2 *L r .] ) 2 
1-1 ' 1.1 1 1 



••(1302) 

m. Tie^ ( 1 3 l l ) - ( l 3 1 5 > fci 9**>S*i [ft2 9 ] 

x x 

0-1/2 S ZI' £Z ( Z/|n + r r rJ o 0) +* <2) + « (3) 

-U3U) 



• w - 1/3? :E 22' 2: Z.Z/ln+r.-r j »erfc (* | n + r .- r, | ) 
KM ■ ' 1 1 31 

-U312) 

I®- 1/2 <V L y +L r ) ^' 1/1 M 2 .**!-* 2 ] LI 2 /* 2 ] 
- ( (EZjQm C2^L rp ] ) 2 + ( (IZ.iiq [2iLrp ] ) h 

•C1313) 

<P (4) =2*/(3L xW I* Vi 1 ' ... (1 3i5) 



uilC, n(i, n = nx • ( Lx , 0, 0) +ny • 
( 0 , Ly, 0 ) + nz • ( 0 , 0 , Lz > "C* 9 , , 
mtt, m = mx • ( 1/Lx , 0. 0) +my • (0, 
1/Ly , 0) fmz ■ (0, 0, 1/Lz ) T**, 

-y-X* LfrffiS. L*V**)fc» IX , <E>(1) TttS^ 
^erfc^H^c^oT. <J><2) TWS^^jqx^H-? 
fc<*r>T, 0>(3) -c^jja 



0, L*»t>«H3W*T**«*olS*-C*6. 
[0140] Mfflm3?fc*4telc ito* t 3 1 TO* 

[0141] -Wtlz»¥mJ}¥?ti* W^mx?*** 



(17) 
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[0142] Jitcte Itz X ? tzSS^JS^fa^ry i^-v 

m^F ( j ) bcoftmiz. s^-sh^rt ( k ) #>£>m 

Z(j ) i&5iLTAoT<&«)^*)-l)o ZtlZm^l 
•YHsZWLttLtzhcOfiK Wz%hfr>\tXhhtf. ZtiX' 

ftfrhXoiztmte, im\,zmttz%%>. zz.x-i>o- 
«, mmmm^mtxftmv&fc^vzmezm^x 

[01433 *$&mt>\±. me^zhh&mmmwjt 

mnx'zzmzbtz. *ftw%mnj}&tfzti<t>^m 
\<^ziXTi,zmmco&&mzAtixi£t. t-r. meiz 

te. mi^\ %-t%h. ***ls icovamimzii 
^^u^t^mifzmt^m^m^tt^cox. z 
m&iK^zLtizLtz. 3W$m*\ti 
fz^y^^)vx\ vt*cDumtLx, r-y^&Wf 

mzlt, block datatLT. Wmtz LX&MUz. *l 

x. znmrnmBfrhrtix^fz&Tnztz^t. w% 

cubic spline&£ 

x. 7>vznm&*h£o%7vy : 7MzLrz. i 
^tsat^^ i: a Katie o w^ru/?A 

"t&a^flWC, ZZ\,Zte\f then else**ffiV>fc. 
CcO«tlUT. FrlS^fr ( r i6 b,0n*b. r jh )# 

wet, ^TV^A-^SrRMS^^aSSrfflV^^, P 

to 144] :iitWJ:3(:, IMMw*<*)if the 
n else^KSSrfflv^. *«HHK14, if then else 

W^covvc, SiNBtcov^TUKJt. *«0»S*, 1 6 0 
OfScoS i HTOtfeftftflttJUHK?. *fe*ffc£3 0 0 



fltfc&ifc^i. ±tz&*mru7?&x'\t. m 

[0145] «fc^»A*^A>*fW»«*«:^i0« 
£J4ii5l/C, ^fttiflffl^ ?lZb'<omtZ}jxX 

[0146] L S I rn-feXC^^Tii. 

[0147] *ft^oWB^£*>«*I 

t, -e. as. 

[0148] WyXfiMLtzmmfr® 

izzzm^mBwrnMb. mmtitcmemimrtmm* 

[0149] s i immxry^fr 
(=, 3#fzmbix, zziz&KzmmmmMttzm 

[0 1 50 3 iifWV^jKry^^WiTcraofftJ: 
-g>t^t'*>-g>o (Phys.Rev.Lett.56.632 (1986), Phy 
s. Rev. B37, 6991 (1988) ). 

[ 0 1 5 1 3 4*. Tersoffi^ifLii', i#gc7)S i £08*$- 
[»303 

- (V iJ+ V Jt > HMD 

tfmfJ«eL/LH^(t ±Ea (OOOl)CK 
V>T. Vij^Vji-C*^. #B^6SiK^<0tait»^ 
* i i: U *<Jr>fflSa<50«<O«t^*#$- J hi" b . ±12 



(18) 
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Vijtt. [*3 1] 

Vi^fctr^) [a 1 jf t (r i j) + b 1J f ll (r i j)] - (0002) 

£££rttftflB^g«T'fc*. f c [0 1 52] fR ( r id ) fc f A ( r w ) fcL Morsel 

jrijJIi, *7h^75K"C, fR (r^) sK^V^-r^tjWLfctWC, f R ( r w ) =Aex P (- 

f A ( r i(j ) l&WZTjk'f. aijJiKfiHS*** Air), f A < r ld ) - - Bex P (- A2 r )T* h . 

U^7h^7m bijtEfll«t#JtLfc*yh* [0153] <r<9|*9, Alt A2«, »RT*0, *«0* 

ttW««*tToT^*£fc £ftfi H t^tOt [0 1 54 3 tZ*>X\ h^RSRfc ( r id ) t 

a6TM»LfcaH3*i£^ [»3 2 ] 

Vij = f c (rij) [a ij Aexp(-Aj r isj ) - b id Bexp(- A 2 r i d ) ] 
f c (r)=l ( r£R-D) 

f c (r)=l/2-l/2sin [*/2(r-R)/D] <R-D<r<R+D) 
f c ( r ) =0 ( r^R + D) 

- (0003) 

R(i«««*i:'r^«JS^*-|»«V *7B»*tt3. *<OJWI«, Tereofflcfcfttf, 

->t£\*titt*mtz*0Fm*iix. *com±. b i6 = < 1 +/?nr i:} n) - i/2n »■ (0004) 

id *il8EfiHRt«r^fct:*&^ .I«rT't±ifiXry b [»33] 

^j = Sf c (r ik )g(^ k )exp [A 3 3 (r ij -r ik )3] - (0005) 

X'hh. StB^ik^i.jTHI-f. ;it»^J:3i:, E:* ( 0 0 0 1 ) tftKfcttfc. V id * VjiT'£>&. ft 

£ i j aStttt* 3 toWrTWX ZZtirZXh «WBWC ot, b 4 * b j i Vh h . 

hh<r>X\ \frt>fLfz*%H?t. ]frt>fLtz%&tX\ [0l5 5]*fcg ((9) ttsKy^BBTT* 1 ), 

£:*;*SUtW8r*. aP^ij^jjT'&O. Sfcfc, ± [»34] 

g<0)= 1 -(cVd 2 )-cV(dHcos^) (0006) 

0, jB»^)IttS5«i«rfflv^«BfC^ [»35] 

rij-/ - <(Xj-x i )^ + (y j -y i )2-H(z j -z i )2 ) ... (0007) 

T*f). r i *t>®mco^m?%tbt>tlZ>. Zl^h [»3 6] 

Pijk = (x i ~Xi)(x k -x i )H-(yj-y i )(y k -y i ) 

+ (z j -z i )(2 k -z i ) (0008) 

cos^ ijk -P ijk /(r ij • r ik ) - (0009) 
*»W«»*«fflV^±E»5J:tefeJt* [»373 

R=3.0A, D=0.2A, A=3264.7ev, B = 95.373ev ( C-4.8381, 
A,=3.2394A, A 2 = 1.3258A, A 3 =A 2 , 

#=0.33675, n-22.956. d=2.0417 -(0010) 
[0 1 56 3 iftfe<OWIt|iT^J:v^J:*«W«(?>JB *. L*»U «Rfc*ftt#*>*<Ott. *3«Jrcii* 
■Cff<jbWC**. tfT^^n^ (0 002) ^Srft T(C**fcW-C*&. *tl*K ftfBMIsmmftbWoii' 
[*3 83 [01573(0011) S&tf (0012) 

, [0 1 58] fiP^. 

- 2 WV^ip ... ( M 12) [»3 9] 



( 19) 
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+ S(^r lj /^«»^ i . Ji )(<?cot».. k /^ 3Ci ) ) .-(0013) 



p ' ^J* 2~ ( ^ V ij / ^ x i ) 



[0 159] 
[»4 0] 



-CD01O 



-■(M15) 

iftfeco«0#a«*c0 <t d KSWT* & . [»4 1J 

[0160] 

= 5 f c (r id )/(3 r id • [AexpC-Aj/rijJ-bij Bex P (~A 2 /r ici )] + 
f c <r ij ) [-A, Aexp(-A l /r ij ) + A 2 b ij Bex P (-A 2 /r i j)] 

«Aexp(-Ai/rij) [0f c (r ij )/^r icj -A 2 f c (r i)j )] - 
Bex P (-A 2 /r ij ) [<?f c ( n j ) /* r AJ - A 2 f c (r ld ) ] b„ 

••« (0016) 

o> f c (r u )/5r ij = -jr/4D - cos [jr/2 • <r-R)/D] 

( R— D< r <R + D ) 
d f c (r i6 )/d rij = 0 ( r^R+D) 

- (0017) 

av ij / < ?4rij-(av i j/^b ij ) ■ labu/aeu) 

= Bfc(r ij )exp-(A2r ij )b ij (0f iJ >V[2 { 1 + (J3 t ld >» > tij] 

- (0018) 



(20) 



«pH!¥l 1-1 76906 



«4 2] 



[»4 3] 



= 3A 3 35:f c (r ik )g(<9 ijk )exp(A3 3 (r iJ -r ik )3)(r i:l -r ik )2 

- (0019) 



aCij/arih-dfctruJ/d 



g(^ ijk )exp(A 3 3 (r ij - 
,(rij){rij-riii>* 



<> 3 ) 



(0020) 



a ^ ij /^cos^ ijk 

= f c (r ik )exp(A 3 3 ( rij- r ik ) 3 )d g (# iJk /dcos<9ij k 

f c (r ik )ex P (A 3 3(r ij -r ik )3)(2c2cos^ idk /{d2cos2^ ijK }n 

- (0021) 



<? r ik /5 Xi= ( Xi~x k ) /r ik = a r id /5 x k 



(0022) 



(0023) 



dcos<?i jk /dXi=l/(r i:l ri k ) ■ dP i6k /dx.i* 

Piokn/(r ih )5/5x i (l/(r ik )) + 

l/(r ij )^/^x i ll/(r ih ))> 
- l/(rij r ih > ' (xi-XK + Xi-Xj)- 

PiohUx i x j )/(r i Hr ii 3 ) + (x i -x k )/(r ik r i; 
= l/(r ik ) {(x i -x j )/(r i j)- 

(xi-x h )/( r ik )cos<9ij} 



3 ) 



^cos^ij k /^Xi = - l/(rij) * {(xi"X k )/(r ik ) 
-(x i -x j )/(r ik )cos<9 ij } 

dcosOij h /d x k = - l/(r ix ) ■ { (Xj - Xj)/( r id ) 
-(x i -x k )/(r ik )cos^ ij > 

L(r i <?r i /^t, V, dV/dt) 

= l/2£m(<9 r 4 /a t >*-U (r i>+l/2M<3 V/3 t)«-P,V 
(^Ltqj.q' j)/^qj)-d(5L/5q' d )/d t = 0 



(0024) 



(0025) 



(0026) 



iwj^s.xp-* i ma, m-coA^at tr<i, 

B8t$Lfc7r>f/K22), (32). (42), 
(52 ). (62). (72)*Kea$Wt»^ 

rtWi, ##<fcfR\ «Wto**3 <bp*>, x^r 

(HP*>. tfx, (Jz).I^ (HP%, ex. e 

y. e z) . iWftiTT*** ifcjSWteJBfcTJBZKO 

[0 1 6 lift*, l/CU\ fiMK^WU 

r ( t ) **{BT<*. *l/C, 08CSLfc7 7^/k 
(23) , (33 ) , (43), (53) , (63) . 
(73). (83)?MS«W, X. BHWHHUT 



- (0027) 

ho 

[0 1 62] ttz. iHffl2 • 3^7crn-tXx 

(MSCO (la)) wA^^ty^^J 
Sr*c*\ mi OK. [5]b<iflJfl2 • 3#7CTu-fe 

(H8co (10)) <7>%>oVtr><?>K}) 

[0 1 6 3 J fltfu HI OcoA^v— *-VXfcL H8T 

i id. -M. mxs. 



(21 ) 



[o 1 64 3 x, wm^y^^t 
[oi65] Rfwwfcii. m»A3SK**Kt s i mm 

[0166] *«W«fe*4»f L-v^fWft^WH&fcJ: 0 . 

[o 1 67] fl». a^7c*^**nTv^«ft^^ 

<0«JSfttmtt8rT»*"&*Rfc UTtt, ab i n i t 

a b i n i t i o^TK^^ffiWitcteAotiii^ 



«A «V ~ E A0 +Q A 



«W«««K:+tt<r«liOx*;^-tt. (303 1) 
SHAKOS' ftA L T » . 
[0 169] 

E A (0) =E A0 - (3041) 

KWtia^*v«LfciW)x*^-l4, (30 3 1) 



E A (hi) -E A(J + 



1M&>^*W)&LiZ9?X9i*t*.bLX. * 
Z.Z>f)\ ZtlkCOUmX'lt. &<D&X z T-lZttLXi'*l< 

^Scoidtc. jR107?X-f yTi>WttKlll»S:i^i: 

mmiz^imx'k^tz. ^m^mxa. 

19913HC A.K.RappetW.A.Goddard^'Charge Equilli 
bration for Molecular Dynamics Simulations"^ 

*#H#<?>tt. A.R.Rappefe^«to 

[0168] Rapped ?A^^X*;I^--E 
*A *yit#r-yi'*>\'b%¥&ft*<WBfob LX^l 

tc. t>hm?Mz*s^x. 

[»4 4] 

-H(-S), 



[0 170] 
[»4 5] 



/ <?E \ 1 / <TE \ 

\"^/A0 + \ /AO 



•♦(3042) 



•■(3048) 



(3042)t(304 1 JtylktfryisvMP [0171] 

(cftO. (304 3)£(304 l)CD£\*m?mftMMZ [»4 6 ] 



I P = E A (+ 



_ / 0E \ 1 /_^_\ 



••(3044) 



-EA-E A (-1) 



(0) ,_(£!) .-1(A) 



•••(3045) 



(22) 
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(304 5>^C9EA£-#ttVvO>i>«9{i s Wf ZJR&CO 

(3044)fc(304 5)CD£& 

u P + EA) =x o 

*Jt, (3 0 4 4) i: (3 04 5)»*]*i*fc, ***** 



t*fc. A0t«r*. 
[0 1 72] 
[3*4 7 3 



•C3051) 



Uq 2 



-J = I P-EA 
'AO 



(3 0 5 2)*OWlfl«W»t*i«. 

I P-EA = J AA o ••• (3053) 

JAAOSrideapotentialtBf^i:^"t&- 
*£J:9. ftaBBtt^t-T^O-C, Hartree-FocklfcT) 



M.4 



0~A 



ZZX\ JAAWieVJUffi, WiAJUfflTSb*. (3053) 



A<B 



A W B AB 



(3 0 5 5)*«rfflV^t, ^fxm-fi(3 0 5 



[0173] 
[»4 8 3 



••(3052) 



B-witwrfwsnfcJAAfc (305 3)^<m\±^ 

*S s 5rot<4*«, :;tli(3 0 5 3mM«. 
[0174] Ideipotential JAAO fc KSRAOORIffi 

[0175] 
[84 9] 

-(3054) 

[0 176] (3 0 5 1)(3 0 5 3>3tfcJfl^&i:, Oft 

[0 177] 
[»50] 



[0 1783 
I3R5 13 



[0 179] 
[«52] 



••(3055) 



••(3056) 



••(3057) 



JSC^* tr-)\><r>\\&X*f Vi/\)Vx I (Ql. , QN) lift 



[0 180 3 
[»533 



X N 



2 B 



^ Q B J iB + 



1 K 



5: Q.J 



2 A 



A 41 



1 M 



1 N 



••(3058) 



W*¥«O*fM3 0 5 9>*»^ (N-l)r<oatt*S« 



(23) 
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[0181] 



(3059) 



N 

X J 
J 



[154] 



••(3061) 



N»ojbi*s*tiii< . 



N 

i 



(3 0 6 D(3062)t7M;7^Xt«St6J:, JSl 

CQ--D 



0 0 

r 4 



c ir i 

(i>2) 

(3 0 6 3>rt«rJ*<fcSfc-*T. fr^fsrvOTROWMI 
0 6 3>^£l£IELTvHj>y?x£ft?£. JR&S-tf 

144 

J AB< R AB> " ~ 



[0 182] 
[155] 



[0 183] 
[856] 



•(3062) 



•(3063) 



[0 1 84 3 CCO^fficO+T'lBJH^iJAB^^-C* 
I), K^AkBk^lBII8AB*J**^i:>fc:« 
[157] 



(3064) 



Tin*** «TO&ra*mettivc<i/^t**.t 



(306 ^^m^xwf^m-^x^myhh , 



[0 185] 
[1583 

•••(3065) 



[159] 



^ 0 



2n + l 



2f 



[0 186] 
[16 0] 



2n + 1 
2R. 



■■(3066) 



••(3067) 



[0 187] Xjr-yy^^-X^Att, 01 6K^L 
g(Na, Rb, CsK Xfcv\9>f H(C K B 



0 6 2>«^> 
Qtotai = Qn + Qx = 0 
.\Q X = -Q„ - (3068) 

(3 0 6 Dftftife 
[16 1] 



(3 



(24) 



nm*? 1 1-176906 



■•(3069) 



<3 0 6 9>*£<3 0 6 8>a*ft***fc. [»6 2] 

••• (3072) 



(3071) 



0 0 



(3073) sScoSSKW A iZVX'lb h . ft J* $*lfcQ*> f> 
<30 74)*fcJ^TS^*-*>'hjul«fc**>. £ 

[0 188] 

/x HX =4.80324Q n R nx - (3074) 

m\i&ttwm*mx'hh. 007 a wmtfe* 

ft , R#A, jit * j tV nM cn&mzKc oti>4. 3t&? * 
-J0-N^«k«tc0it«*^, AcO*iS1SfcLT0.49 
13#»6;h.TV>4. C!COA^fflv^t(3067)^J:0 
K^HittiMSft f #0 1 7 OgfcOttfc^ 4 & . 
[0189] **t=W UT»i. Rappe^li, fljJ^TClRi: 



[»63] 



•(3073) 



[0190] 7j<3Si01S^i±JlSS-Mullil<entPaulingfte 
W§O>±C0«fcJt«-r&i:-5cLTV^=5:^. Pauling 

%W$i1tX'g>&<Wzftl^ Mul liken fte. *3R«3I* 

b#co<B «t 0 fc /JnS < Ke 4 tzfrx-h 4 . 
[0191] ft-?T» EAHtrS»teLT. *3&<7)xOHiJ 

[0 1 92] 
[&643 



1 + 



•(3075) 



38* t «oJt**» . *>J\ZSIi8;fc: J: -of, 
*° H = 4.528eV 

J% H (0)=13.8904eV ••• (3076) 

tltz'3Zffitr>imfre>. *° H =4.7174eV 
J0„„(0)=13.4725eV -(3077) 
Z&mLXitfk^b LT^4. 

[0 1 9 3 J «ffi(=n-t«4HHI»tt£t&. 

[0 1 94] *„<>, J M o (4 , b^^^c, BBHBRtfaE 
off. *>4 V ttMlft:*rj&? £ KH^faSST* 
flttlfs Li, c, 0<o*8£Wi, TBfc^LfeJ;-?^ 
«Hfc*fffc»WR-fft. C0>«H*raiE« (Q) =oo 
£i4. 

[0 1951 ?h i ;7?X(3 0 6 3)S'»HT*y)itS 
ffifc, HI 8M02OC^ LtzT^^im^zhh 

[0196] JiLh^Rappefx^^dOS)^ 4 LT'*>4 . R 

appe^ii. m^^mzimxkcoft?izMmLx»&. 



[ 0 1 9 7 ] (3 0 5 7)*&fflJBZ««. ^TOflte 

fc. -rat. »«x*^-^«-*i-4m. tt»tcffl^ 

[0198] >!<7)*&-^ s (30 5 7)5ttR«-fe;U+<0«FF 
It-rSt. RAB^iiftlOjJ-y^Xho-AtLhO^:^^ 
V\ «StC, JAB=l/RABt— m=tSa. fieB-b^Sri/T 

mtt . 0051 )i«i»:wBM=3ass<t* . 

[0 199] 
[S653 



(25) 



IfGJJT 1 1-1 7 6 9 0 6 



E CQ l 0 r Q i ) 

A > 1 */ 2 A, B v-0 2 A, B R^ 

^( e ao + *a q a) + ^^Wab 



1 Q A g B 



Q A Q B 



v 2 A, B K 



ABv 



2 A. B R 



•(3W1) 



AB 



[0200] 
[R66] 



2i E S * » « — 2 2: S r f c CkR^ 

2 A B v R^ 2 A B v 

Q A Q B e x p (~ I G 1 2 /4kh 



r s 2 s 

2£lk^ A B G 
k 2 

— sqJ 

A 



5 s exp (iGRj 

IGlV4k Z w 



•C30BZ) 



V 



8 2)3C*jflSS-*i*/=0fl^A=B(^Wi:**-f, ISZUS 



-(3083) 

CS67] 



(26) 
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<?B „ 1 1 



1 Q B 1 <*A 

_i ^ — 

2 B R 1B 2 A R Ai 



1 Q A 

+ ^ 2: — e r f c (kR..J 

2 A v ^ 

* Q B exp (- I G | 2 /4k 2 ) 

2Qk* B C |G| Z /4k Z ^ 

* Q.exp (- | G l 2 /4k 2 ) 2k 

f g 2: S - exp (i GR,,) Q. 

20k Z A G |GlV4k 2 A1 fi 1 



* Q,exp C-lGlVflk 2 ) 2k 

— T S 23 z 9 e xp (i GR..) Q. 

W i G IG| Z /4k 2 *> /7 1 



••■(3091) 

lhimwm&ifi&t>ti xi = x z = xs = = *« - (3092) 

h. (3 09 1)««:ftALT, 

[0201] [»683 

«J-|C5[»^») \ 

- (3093) 



(3 0 9 3)3«T«-e-4N«Oil4*8**J|f<itte«r [0202] (3 0 9 3>**&CQ-W5Vh U -y 

6. ftefc. iterS****^*. 



(27) 



ftBPPl 1-1 76906 



[0203] 



[»69] 



CQ--D 

a— (x;-x?)v^te-a) 

t ,**p(-1C| , /4k j ) , v 



HV>**fUiLfc. <3 0 9 4>«ttWWte*fl/«MI 
(02 04] SfcK. *»»t4>»i, SHEtratteAfcoT 




[u.^^]-(|.|.f|)[ W ] 

(a, a' .$,&') 
= ( l+r a ) a ( 1 -r a ) a' 



••• (3094) 

i^ii^OTn. (3ioi>*wais*ifc 

[0205] 
[»70] 



Pi-Pf - Old) 



••• (3102) 
[»7 1] 

( l+r b ) 0 ( l-r b ) 0' 

.» (3103) 

[»723 



(28) 
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KN-(%){>-(i-^(i-ac-4K')-^P.p- 

Ki«h(%){ i -o-*y[^(«-*-"« i -^ , -w»«i 

-(l +S ]r|£(i5-2& *l**-.*c')*|(3-* ♦«:•>»» ♦J(2-«W*^pJp" } 

• (3104) 

<D& « % (3 10 4>3Ui£lTr*tf *. 



[02 06] Roothern^tels,2s,2pfctt-f 4:?— nyflf 
-?-|ttlK*hr 4 * Tit* L , ¥3W*S«T- 

[0207] JABaflUi«fttt*e*S <KttJ . * 
Si-O^Si-Si Srfii 3 *&<7)J<0«KOV ^TM^fc 



— (3111) 

[02083 Rappe&te r#«fljWns|k3Itea4 fcft 
J£j I/O****, S«7cS(cWLTif^flilS:#*-fl> 
WjftWC* * *» fc v ^ jftliTOHT* 4 . Si *>±ft? 
ftro&QTib 4 ■! fc . Si WUfiSf **3s£fc 4 t tf/Wt 

*ffitc«v\ *5W»&**, JJWtfMtLfc. flitt. Si 

[0209] 
[»73] 



/n 535 ' 2279 , 631 , 191 4 179 . 7 



189 K 1134 



1 



1 



P* + — - — O* + 

8505 P 85050 



1403325' 



")**] 



B2 l*4Si-Si|ffl<!0^-Dy«5^J<i0tfJ«**-C* 



& 0 £04tet;:fcL 2st3s<^«*lS:ttfflUTfcJ^«K 
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02 2lC0CO«#*i2s(C*)0, Si#2s££Hl±3s ^tLTfi, lsJ>&Vi{i2sCOXl^-^-tijiS-fflV^O 

iwm-isKmz&Kt, isimtfiimziztfix^ conmizidLxtm^x-^o. -istmniztf-otzmzi 

Jtfltmz'hZ < tmi> hii. Si io^nntS [0210] *mt,z*tt&tt]Ei,z h , r 

•atRttrCfcofc. SicamftGtf/H: LX [«74] 



C811J) 



(3 0 5 7)A£*J&f-6*JK?#?*> [»7 5] 



(3114) 



->IT\ (3 1 1 4)^<0£S235-gt. mi^cO ^yA-*HH4, 

E' (OgWIl, **l-Wl«^n****Ka>t-5TWitt [&7 6J 

*n <V<»n~«W"<V - 



1° Q 2 



9Q„ Ui W"« T r H1 * 



(3121) *feaiBH3i«»:0«fcJ»S (5 CfWUi* C02113 
4. [J&77] 



-C3121) 



(30) 
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9 



I ( I M I „ \ 



J 1 ' -(3122) 



♦ C3123) 

(3 123)«fflV\ ^K*ffliE^O^hU^^x(30 U 

6 3)(-^$:Sn^^*^l» 0 4-, xW*mW\-<7)m [&7 91 

?X'*>&t~?Z>t. (3 0 5 9)5tC-(3 12 3)^^ftA 



(3 \ J N 

B ' 



- (( lh -^r«)i 

--(*-«?) 



J BiBi- J lBl «Bi + 1 S: "aj-'LJ 3 Q j 



y^X(3063)i:lklW&i:, **?>JiiO£ [»80] 
i 



C3124) 



(3125) 



[0212] mzm?is?-v>#T>'>' j r)WN\<7)& ms i ] 
mmiE^th. *m<om&co immmt. <3o 



•ut„ N -v 



-/ 



—5 5 exp [ - CCj+Q H ) rl 



•■(3126) 



***<**ii*»£fcMt, «W*2*tofc1W::<3 1 2 6) «Lfc. 

»«Ott#raiOT**T\ CJi^RflW*. COIR, 1=1 hUv^X<7)ft*W^5CT^30V^Ta«S:tt^^. 

com<*m<r>m$. ^mx^^tAtimtx^h o ^ [02i4](306 i>a^ mxmtzm&Lt:nm 



(3 1) 
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[02 15] [»8 2] 

_ fix Jhfix 

1 1 Mix iE B CMonfix iC C " (3127) 



x x 'x v (J?si-iN) 



fa 



N-flx 



fix 



Ji-fix 



1 Mix 18 B Cfcnfix iC C 1 Bfix l * * Otonfix ,C C 



K-fix 
CMoofix 



H-flx fix 

Oloofix C U)tal BfU 8 

(3062)SS:(3 1 3 1 >«fcSBB^* 7h'J 7 ; [»8 3] 

rix 



D «-- («w|» 



op cr 

D 4 - Jfj -*! 



••(3131) 



••(3132) 



fix 
Bfix 



fix v^^7c*t3 Wl>^* { l=l(;^4 i 3 Kfrtf««R 
(fctt** r«aiK)*-f.5J:3fcLfc. 
[02 1 63 *»#f fctt, IgA^tftbMGRteii*: 

[0217]-^ 1 6GW^DRAM(Cffiffl$ilS 
y-hBMfcK^NAND EEPROMtfOhV^K-fb 
Site *j i vc U . KflMMbM)g*C= t »M L T fig^PJS t 
Hfte, EEPROMfcfcWCti. W6#T 

[02 18] Z<7)£ottffijlfrb, S i /S i 0 2 #ffi 



••■(3133) 

[02 19] SMWSJRWWRtLTt. r+'O* 

fcSi-o-Si ^m<omnrr*>6aMML*>& 
S*vC*5fc-*\ #*m*#«0S i -O*te*<04HR. S 
i-O-Si, O-S i -OttAa*tf>4Hli**£T# 

fc^tii ^i*mMr»i#n5.«'»4^«i*#jrr*i 

ttfc abb t mrntm htLt&x-hz. 
[0 220] zzx\ *mme>#3iMi>teMiz^x 



(32) 
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530£iSrjt.V>}Bbfc. fit, van BeestlC 

[022 1] *%^#<o«4> >rot-^«Sr*afc)fi-^ 
mW-JfcfcvOatfrfctt 1 )**. Si-O-SiftlfA 5 

t ««a*-* wr o So x VMttMmzfto ztu 
m#xi&wmx't>&. x-M-3ve*-**JBvvc 

4>^WW4?Rnifc-C*>£. 

[0 2 2 2] A. R. Rapp 

n 1 2 

Xi 0 liMSm&g.X'b'O* Tlfi* (16 5 
2) XftZtlb- 
[0225] 

Xi°= 1/2 ( I P + EA) ••■(1652) 

jiiti, m^inws.i.nit.^nf-vyft'hX'K 

0 . TIBS! (16 6 1) T5a!l*3*l*. 
[02263 

Jii= I P-EA ■ • H661) 



etW. A. Goddard UlliZtiX&XZtlX 

"Charge E q u i 1 1 i b r a t i o n fo 
r Molecular Dynamics Simu 

1 at i on" , J. Phys. Chem. , 95, 1 
99 1. P- 33 58-3 36 3T&6. ^WMth 

<0#tttS i 0,*K3OTLfc. Rap p e fe<0#)2;<0 

[0223llf i <0fflS'J«15Sf«J:«.x^=¥-Ei 
(Q) f— 9-«HW)2»C*T«ir . T16* ( 1 
6 5 1) X'&Wth. 
[0224] 
[»843 

■■■(1861) 

(qi , -. qn > i4. wmw.**)*-**'*-*** 

l . j i j i4sc?i j hmmn? - n y 
ffls^fflT-*>&. ^t. Ties? ( 1 6 6 2) *««4-r 

[0227] 
[«8 5] 



■ 1 V l ^^ ) + Tu , ' ,Qstt| 



JI^x^r-/K^t^ryx^;Hi. TIE* (166 [ °"f 1 

3)T4riMl*. [S * 863 



», «»r - V-T- s i + j!i , a Q « 



[8893 



■■(166© 



E j » , „ -(1663) 
Q t 1 3*1 



CO* ( 1 663) Sr. WM»»0*tt. XI — -X [0229] 

N K«A-f*t. Tffi* ( 1 67 1 ) [*87J 

(2 -Si SN) 

Tta* ( 1672) jWIMi*. l»8 8] 
[02 303 

3 feC. TIE* (16 7 3) fc^f4«?W)fttrt*« [ 0 2 3 1 3 



••(1672) 



(33) 
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JiittmiX'bix. fci-eTie^ (1674) ra 

14. 4 

Kth k , QKWf (16 8 1) <,Zff^^±n 



d l — «tot 

d i ~ x i x l 



CQ= -d •■• (1682) 

b*&. fft^T-tiCli=Qi , Cd =dttofc«t < * 

4>C. s i -o-Hff<9ir?«0;*:&SSP, ^=5r/N - 7^< 

rF3i»j , oi OJ»aMHH«09lN^( ({Ma*.? 
r (t) ) k tHisft £ jjcf »*>5r-f - 9 cry-m* , 1212 
4Kjs-r. ico^-^ti, m»ttjwia--y hint: 

[ 0 2 3 4 ] X, rn-tX^SjJIttJJ-- y h I CoWt 
tt, -£^2#^ftfflx*f^<7)--W, ^BBT3- 1 6 
4 904^CiSa$*lTH6. 

[02 3 53 3»:7cOro-t^->5 ^Hl* 

oro-i:^^i!«:aiJ--'y h I fc<o*rU^ffcfrS;£t> 
H3gLT*>r>. ± r)$)Smt)^jEHLX\ tt*K3rv*rL 

^COTO-tX^D^tiJJL^.y b ( 1 0 Hi, 3& 

Tcro-txi'S i ex-bo. ^»sa*tf 

®L^3»;7Era-feX^5 I c coptfgfcJilTK 

r 3»:7cro-tX^S jlU-^j ii, SfK^ySa 



-U6J3) 



[02323 
[«903 

•••(1674) 



[«9 1 3 



•••(1681) 



tLxmaa. tt*t±&s. te^^s, fctstseis. ci 

S*W-*t::*KS8$ft«>t»«9T*l>. (2 
3) , (33) , (4 3), (5 3) . (63) , (7 
3) , ( 8 3 ) Xhh . PUtf, BMWW^Sfctt^R 
{4, (23) CteiSSit&*){fC**. <£j£*»$<Z>:& 

cij, «ti. »cSSf*Wi)lffl3y;7crn-fexx 

^C1l^-&wk*«irifik=3ro-CV^. oiD, &K3 
yOcTfWSrtf sSrv > 3 &7E<o*S£ £Sv Mz^mti £ k 

[0236 3 iaffl3S7cra-fey;i/Sal/-? (10) 

coxmrntsmiicoimz , ( 2 > * ( 3) ?. fr*\ z 

co*S*£, 7r^y (22) ^Vt^iV (3 2) fcfl-L 

(4, sz/iaffl^Sai^-^ (io) tsu znzm 

m-ZblZJz*)* i0IEIiT'J:0^<«O«tg5rfiJffl-rs 
itfC*4. H-3t^g!#kLT<4, Witf**^ 

OISSSfi]fl573f+*^fe«S: , - l«U?y 5^.1/ 
-9 I ICteSU lit, W4^KW«E*Sr^-»t 
8t»r, iI7<0»S£A, St/, «iE*#lfe» 

»?5r^, fflBC»o^ratfl.*c:kt»r8*. 
[ 0 2 3 7 ] 25»±e«iHffl7 , n-fe.Xi/ 5 * 
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Uc. jSMumHmm- ( 9 ) tfwxtimi. ax 

Kb LTI4S i mm<P<7)Qft?tfcf L TSlS i fcfto-O* 
i. ^««K0«;t)tt=«i;iXfe^:Sg(7)aSS»^iEL < JR 0 

ifc^'JiM K • ■ JfcflftSastf (7 ) T 
t>» toifr, s\w&^<^WfbWms\ff^m\z J r 
KSMlKcHtiliZcCZw 
[0 2 3 8] bZbX\ m8<r>*C0M (8) iZ-O^X 
t . 'M IWxl .LSI JITP KfTIST, IWk • ttft • 

^3E»*aji- v h ( 1 0) KH, 4heWH)ttJ»«(4e 

(f&iC ( 1 1 3 0 ) ^ ( 1 1 3 1 ) coPB l^PB 23? 
*<«l-C*&. *3t, Si02K*^S!'fblPJoJSftjSjR 
Srfc'fci. »»C*Wf&5? (15 3 1) 0)D ' *f**-f-ixT 
*6. Hftfctt. ;<0«C, Wfc-f- 
6. 

[02 3 9] L*>L. LS I BBfco+Ttt. !&■** Lt»-f 

a^Bis-flBi^t'j— fc^toaflfflifciMM.*. cd 

Vag^tiX^-y^XSS-ffl^T. PbT i 0 3 £Bftt-t 
Mt.3K»i**fPbTi O 3 lWrC*»*<0TOMlW>tt 

(8) OlgKA 1 ^ r<'?S, (84)t^tU»C 
5 I I (c-aff*, * ~T\ <2-g 

tt&Mnm*. -f ix , i*tt5@&£*as-<j-&. ;<o* 

(83 ) *»fc£ftfc«9«^*#7T4>WC^3*i 
6. -f- LT. ro-t^SattJtajJL-'y htratiatu 

[0240] ZZX\ 09£#!SiL?. iW^IC 

BP*,. >7x/W5ftA£ff<.v ;h5SS)51Ig(:» 

l. i&imz, K-ftrecAS. 

[024 1 ] ;<o»-ftigr«, &*t£K*# 

* * a* . mmi^mtx-m^t: x 5 4 1 «or* a . 

[024 2]^iilf, i8tll (2>WBMt-J^K 



T«p**tA^Sit&. -5-LT. IMfcrtUttWW, 
iziSUimi>mht>tih. zcoft, (21) tfljvvc, 
#f[ ■ SattfH* t fr 3 . i £ T'li cr pox^ a teBP*< A* 
LT, +'C»**»fe««#t»*J:<W«i-ftt«T* 

[02433 >rix^tf0it»itt*«i, KfldfcoA 

l&ihhtiiMiX-bi. ttttM. ■ 33»a>£>iRtJ:3 
(C Pox = Pox + tfpox-^, Tenp=Te«p+cte«p^(7)SP 
#fc-3WCfc, HMUlOlftJUl^. KfbHi S i com 
(KB®.*?, $fe(={4, ^tt^Jt*5H-S$it«» . ■f LT. 
Z.tibi)K -n.**.*) $.iX£7 r 4 >v (22) t^:<*> 
Ihii. *IX, #?W>J)¥mMzme>tii>. frHkh 
¥&ttX'im*i-aLtLXZtlt>tfAj)$iX, V 
IV r (t) #*iti$ix.2,„ 

[0244] 01 0(4, 09fcK«<Ofi«0^UT^ 

hiiK zz\x-imim*»cD&mzmti>i>cDx-hi>. 
10245) tz*>x\ x-*m\x-<mmBmzm 
■thmwi>?t->xti<. mi it*, *mtmz±z,2M 

^LT^&. H+<ctEL.fcJ:3fc:, C^T-*4i^, in 
-situ*-^A»feaftSit* S i 028Si?fc, H**»fe^ 
SflSflSS i02ffi!J|[S:J:bix-ti>. ^LT. KiP^ffS 

it, 8C<0*ttStLT. lnlltut=#*»4)awt»ii* 
1 RX^? h/^-rt . Wl^^^Sft* 1 R#- 

« i: , ftO^m t LT, Si 02*^^®JE** { AS 

08W ( 2 ) KAflSfc*. ffi*. YiViVM 
L, HFWeHt:Aorv>fc*i*Ji. H*m?u±x*s- 

yyxcottmmtii. x, mmimmmmztRtr, 

X^Kc^mOrlzlt, mjEWkblX, =FJ*Wlfcff$: 

[0246] 08(C|iaLT, Wfof—rcOffixtfZtlX- 
WP->tzb!$.o. X-\±, t>3^-L. 08<Offi^J»cWLt: 

m&Lfc^. mfe, utr^sfi, — a, 7t^(3) 
vzmthtii. zzx-n, &xnx"$*>tz, xmzwm 

rawsns. zti^i, hbx\ vmiw^itf, nas 

T~9b IX*-?* IX^iZbttftX-ZimzK-o 
X\^i. 

[0247] -J>. immt><F> 1 A(4. Wmr, ro-t 
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AStUXLTV**. ^9863-1 7433 1^ 

toXlffflW*- 1 6 4 9 0 4^X+fo%>. Ztl&CDim 
Tit. 8W»*«rBftv^J:0. iMfc/tttt. ^Viii 

[0248] nmm6 3-174331 zvftm 3 ? 

3-1 64904 mz^i-is $ A 3 yi/XrJ*CO 

urn** m2 5-~m4 9i&mix$m*t&. zti^co 
mizt&t. T^oajs (t) k*0mm**9*3* (a- 

T) % T^fffl ( t ) t*^)fW/<!>-3* (*t > . T 
%flE2l (P) fcfOflP^oj (£P> . RtcT^v 

Xfi ( D ) t ( D ) ftttSffAAttT 

P (C kiJ (T) . T> =B (C k (T) ) 

ZZXk, k+l*»JBIT*9. BWJk + KOfcS^ 

(1 0 72) <0*2Efc**^*fc<3T*4. 
[0253] 

dC/dt- (C KU -C K ) /t (1072) 

SrBSfciHWU tl , t2 , tn*l 
3»>T1T<. tl , t2 , 

*" (C w (f) , CT) ■ dC w 



[0249] rn-tXy^l/~^di, i2 5C^t 
Vfc4MR*» (deviation) £ft» 

(o * 'Dffl k o v tm & mh tc tfi h z <?mft i tm t x 

[02503 i^WBco^ffTlffit*. *r 

masicMfzwx&Mz^xmttzt. vmx 

UX\$. ttfflfliftfrD. ^«Jfe»-ffi^J:&rt««ffS' 
WWiWigttft^ftjRSrNt LT. F i ck^2 

■a**. 02 6^fflv^r^ft*o^ia^^ 

X\ m^cO^m^JE^TXJ^X (Normal pro 
cess) bi" 

[025 1 ] imjmtirtWKte. Tl£ft (0071) 
iz£t)&fr*tzktfft*Z. 
[0252] 
[»92] 

••(1071) 

[0254] <X(,Z^ 3S»Tn-e^ (Process d 

e v i a t e d ) fcowrB«rr&. ccrtatfcflJtiaK 

^0. «*JkCteJt&«*<505WtM^CK tfbfr~>X^ 
4>b. B**Jk -hi c^Ogy*^ ck+l <i. Tlfi^ ( 1 0 
81) CiOSSW. 
[0255] 
[»93] 



= H' • ffC v - 



<?F (C m , CT) 



ST 



•00*1) 



D. 0, N. C**ft#LT£S* iJlfctrJBWCF' 
5, -5 Ck+l Sr*y>& # C^tF' tfm-rsfcafrcof? 

^ni = ni ( 1 . 5/T+0. 6 

m^xmix-zz. mz. MmmBKtzMf&M&n 

$k<0WJ;18M (Oxidation Enhanced 
Diffusion Effect) CD^ftlZMLX 

hzmttz. mtxnvimjmMUL&iL (Line 

ar rate constant) RX/WmmtiY5SL 
(paraboric rate consta 



?L^aue^tL. wtflBfcWHtt*. ^t, 

TIS^: (1 082) iZ^-fXolzKZ. 
[0256] 
[»94] 

0 5/kT2) (1082) 

nt) L&ikt&COX'ZtlijZ&Lfz. zti^zm^x 

[0257] hz&mm%tfc&xuzm±. 
» . *<n i r><mmmmtz&v&*m<7)i»¥t:m2 1 \z 

jWS**ITV^4. IE#ru-fcX*C<J\ 30<ONewto 



(36) 
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n I oopX'M$iLX\^&Zb&£>fr&. ClcOJR^ 

u aaa6»tii«-r*. H2 7e*w-j:3fc:* #>5o 

HJT"iR# L , £tt<7> 1/10 <Atm*-caFX,T^& i t 

[0 2 58} ttz, 02 8. (32 9, 03 0W, SE*<7) 
AMESr^. 02 8(4, jEttrcUrXfc LT 1 0 0 OX: 

T**. 02 9(4, S!K)7"P-feXt'*>or. ST=1<C 
«i*TBJI2 8«rt>tKWJILfct^-Cft6. Ifcfiu 13 

3 0(4. loonctjEftrn-txkLrjTfeBjufcb 

[02 5 9] Ztlt>comt)>t>. 03O<9fc=02 8<Ofil 
T03 O^it/nv b 03 lfcijcf J: 3 

[0260] *mt*mT*ftfcrz>9>&. &<wu± 

Witf, CMOSigt'liiitWC't, 

( i ) N-we 1 1 |gi*A^^y&A, (H)P-w 
el lfttl^^^aA, (iiOLOCOSXecOfc 
*><0S i 3 N 4 cO^°^-r:y^, (iv) LOCOSm 

(v)n+^^-y^A. (iv) p+ *y&A> (vii) 

(m*m&) ZMotho 

[0261] mmV56 3-1 7433 1 ^hXX/nWPf- 
3- 1 64904 ftftOMQRk Hff<0»*£)b 

(Center) , JEtzXtiLLtz 
ffi£U (Upper), *UTflKSBttLfc«L (L 
ower) bfrltt. Wlfctf)**** WWW6 3-1 
74 3 3 l^iVWBBTS-l 64 9 04^>^>. 0 
3 2fcii^fcJEaLT*fc. 
[0262] xm<x bfib M^-^fc* 
li. uu*LL*t^MJIJM¥«r«mitf. cu, u 

C, CC, LC. C LCD5mcO&fr&h'£tf%£t>tl 

h. Z Uzr<nrn*A*5\%wt$mz>b*\U B+£ 

6 3- 1 7433 l*&iXfWKPF3-l 64904f 



[0263] icOyXfAcOWStftSSSxyi/'^ 
<9#*<a*tf)HK*, 03 3 --Ti4. BKt • 
KIJU:S^V>T«t*LTV>& Q 0*?) (4, «ff 

[0 2 64] i<0t»«V>&W*«4. Kft-tttt-x 
7*V^£Xg£«fc«T*>&. CO££e«i4. 2 

# ±e<oWca#:%a44, 03 3 

tiR-ride. iwkxafc»*^*ofcBriE»r*. £ 

tf*. ±ffi*JS4. Bft-inCi:«+-C«iHHLTV^ 

'jy^97^xs*cov^-ct>ffd* vv?57 4 
comxis%b*iz#%i-&. 

[0 26 5]i»xyi/>(:ii Common Lis 

xx^^o«w«^>r«*-c*&3ty>rA4, *s^x 

[0266] fflm6 3-1 74 33 1 XlffflW 
3-1 64 9 0 4fC^fy$ U-^g yisAf-MZ 

XI b. &XH( t z&tt&JE%mmncoMnft<r)m\<?) 

i%m&&ix&*. Efrztitm^T-ixiytftm 
i oom*&v^i»tt&imx'Z&Xo 

tfz. fetiKCommon L i s pteJ: fcrtlttxy 

a«*.ri: 

[0267] #|fBHB6 3-1 74 33 1 *t5 cfctmRW 
3-1 64904^Ti4. «*fi£tt*S5C(4 , *TOtttl 
fc*fU-CTI£* (1111) fcS»-TJ:$K:£-CO>*. 

[0268] 

[»95J 



(37) 



fflKVl 1-176 906 



<D ) 



d 



(I) ) ± 



r 9 W * si ac 

— (DN ) + <DN— > " — 

L &x d* 9t I di 



•am) 



D-D, 



1 l>* 



^iaSlficffttti. TIB^ (1113) TiSSiSix* . 
[02 70] 

Di = B B • exp (-BA/kT) - (1113) 



fE = l + 



1 12) CiOftMNrfcaWiJ**. 

[0269] 

[»96] 

•0112) 



JB* ( 1 1 2 1 ) 
[027 1] 
[R97] 

•••(1121) 



*fcnttl/21(C D -C A ) + (C D -C„ ) ^ + 4 [&983 

ni =3. 87X10 16 XT^x eIp (-0. 60 5/kT) 

-(1122) 

[0274] 

Z. =A/2 • [T+4B (t + r) /A2-13 



[0272] HMUUftlBBKtt. *^IWl3IKte»R 

i tMmmim&jmn 2 * srfflv^-tn-eixTiB^ 

(1123), (1124) IZtfcTX o fcWBLfc. 
[0273] 

R1-PB3 - aMP (PBl/kT) (1123) 
R2=PB4 -„ p (PB2AT) - (1124) 

ra$rt. r^aax, tis^ < i i 25> izTF-tm 

5n=l/4 [(C r C A ) 2 +4n j 2 ] - 1/2 • 8 * t • 5 n t 



(1125) 

[02753 <*ni=ni • ( 1 . 5/T+0. 60 5 
/kT2 ) 8TbbXn<7MWts T%*£ (113 1) 
l*z^£ o 
[02763 
[»99] 



2n* (1. S/T+O-SOS/fcT 2 ) 



• am) 



rie^ (1132) *««i-r*. 

[0277] 



[»1 00 3 
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in J n 



i "i 



- 1) 



1.5 0.6M 
' ( + «T 

T kr 



J&ftft&O^te. TIB^ (1133), (1134) 

Rl • P B 1 

*r i - — *t 

kr 1 



[02783 
[»ioi] 



(U32) 



(UIJ) 



R Z - ?B 2 

tfR2 ■■ ffT 

kT 1 

B = R 1 , A = R 1/R2(;:*£&tf>&£:. TEjS (1 [0279] 
141), (1 14 2) K^Ti^CS:*. [&102J 

B • PBl 



*B* 



JcT 



- CU30 



• (1H1) 



<5A= 



CPB2-PB 1) 5T 



(U42) 



*LT, t + v(D>£M^ Titt ( 1 1 4 3) tf)J; 9(C [0280] 

£6. [8103] 

Z 0 +A 2, Z.CZ.+A) 

ff(t + T)« -(*Z,+ *A) — \ SB 

B B B 1 

B B B 



Z, //V Z 0 » 



<1143> 



[0281] *zx'*mimwii. ^.izmamti. * 

[0 2 8 2] BP*>, Hz£iXVMZtl&<0 
■ffctefcifcO, ttMl S*^(7)3SS!1E«ca!|^#fe^i: 
iftRWtttlBH-*-* a b i n i t i o$HP 



[0283] X, M*«l 2fcJ:oT««Sn6<0«. 
S*OT. *c^<9*f«!flHi£«JE-t6 a b initio 

imt-t&wimmwi i simmimvmwmTb 

•6. 



(39) 
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[0284] WC, tt&M 3tC«toT«tt$h.&<0 
li. Si 3HMML|ftJfcffiK-bt:. «#2&JHSM I s#P 

km i sm=F-coy-bimmw 
b i n i t i o ft^wrt^m&tzm-n mmam 1 1 

**K*ESW4ifct»«f4-&«IWWiaiS i M I 
[0285] Jgfc, BWWI14tJ:->-C««Sn*^ 

t»*'t*K*»t | 3. km i sm^coy- muhihur 

b i n i t i oft'ft^^ttfcaiVfcfHnakJ: t 
*«. ±IM«ftttTT«/hK«r !> J: -5 CttewtftASftmt 
XR&RSS: 0.01 XJSlTtWi^i t S-#fSftl>« 

iw»*as i m i s *nm$i&<r>m&umx'f> & . 

[0286] JE(C, 5CJ:-»Tit«*fl*«> 
it. s i ¥*tML|ftA£tt±£, lE#3S*i!M I S*7- 

ism i smwy-hMmwR 

b i n i t i o4H*ta1^»te£i^fcffffiW*fc L 
KX£K?IX* 0.01 fc t«f« t 

amiMMiffis i m i swMtttowtftttrefe*. 

[0287] &.T<,ZZtlt><r)Mmt^M%t>Mz, Rf^ 

[0 288] ^if<i, #*£Jia!fft#l&i: LT, Ml 
tfPZTR^vfXtiJ hSrWWRO. 4fcSi3{ffli£ 
Witf ( 1 0 0 ) Hfc Ut. £aJMKHttfl£tittire 
ffifcLTFCCflUtOCu-CtAv^. -#SS&|S]& 

( l 0 0 ) mt £ an*, d *«WMftiBW«(=BWWX 

fc. L#»t>, Z<r>7hkLX\t, Si/PZT#B£E9 
iJffc. **W«l»ttlt«*flHBWki: UTWx*;^ 
^Hrttr'ftoftsjftLTfe*. ZiiZm^&Zklz**). 
EKDl^feffTrOPZTt U«Ko^*-f hi:. Si 
(10 0) Offl«WflSttJaTWKte'i-6W**«ji'C** 
ittft^BBLfc. BP*>, ^nT'^'f hcOC4vfl|3g 
^E^a Itt£a2«ic0&^ft<04>ti£. Si (10 



o ) m±(o [no] *irtri»]t=**>*, aocttfli 

It, mi S i fc»3S i<2B£S i (100)ffi±OS 
i fc-RStf* £ k tfKMrcfc feci: £JLV^H Lfc. 

PZT+fcliO. 0 1 XJSWOUHR^jlW* 

iwmbht* sett mmizijk Ltz. z <omzft& i * 

[0289] 034 03 4a 
*>J:¥4Hi, S i WDJU-tS^coVHHS* LTfc •) . 
T^tiPZTH^^ yf-T'A*. 4fc, 03 4c 
«. [ 1 1 0] S lftfttttfl/C, *<.U7X1)4 h£*£ 

jmiMriz&m.is&h<vtfmh&^kmiix^h. 

[110] Si fcTOfcfr&aKti. ^n7\x?M 1-«D 
ClfcWKiHIWi. -r$-*-*.IfcfcJ:-»T, *5WB 
^oftJtKifttf. mic, ^n/^*'( bis i £*g 

"C, 0%«T-r&-t*ta.v^ 
L/c. iC0±T'5gtC. WWH^OTfijfflt^i. PZT 

+to. o i%v.mx'X'Htitf. ^tms^ovx 

[0290] *#Hx*/l,dftf)|BljWiJaT 

Tft*. m^vmkmmkiiWfc?i>nmi l zmL'*z> 

coXPgcOl^aSSIS- Tfrt i, (DX'fo h . 
[0 29 1 ] o-CfflKLfc. MI S^ttfcffi 

0{cffiTL"r^l.c:i:* J t>*'l.. 

j; smi sm?<?>&W)mi>m~mftv&iTX'mm-f&k 

[0292] *»W«#»i4'4-ek:=S:V%*rtV^BWff«: 
»W6fcM-5fc*««r*fefcBL<iW»t6. 03 5 
jfi'+JIWJWfWUfc. £<mi^m®a b i n i t 

i o/^HFW^^SaW-^t^BSHT**. 03 6 
C0±¥4Hi. ab i n i t i oCOffl^T, T^Ji^F 

cofltJt*%M^r-l>t«o*>i&^L^. 03 7* { . 

hHK W>xm%%mi&Z7f;-fZktfX'ZK. ^afx 

ilA YV/mmx-lbh. 0*<7>*MV£I215*£^U 

*>f vcocm&^Lxa*) . mx'frfrhmz. ^u/^ 
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[0 2 9 3] ttz. ±iaco^i6^^5iV-^w» 

Kfi7?tLT. uHbM£*su K%T—?cr)n& 
ftE3?*>£>, o-si-o^si-o-si^ H n 7 Jfyt-m 

ft-ffU 440cb- 1 tllOOcn- 1 &*?U 490c«- 1 IkXf 

iiiicn-irj)0. s^&kh-c**.. ttz&jizwtn 

[0295] it»fctt->fc««^fcOV^«TI¥t <» 

tr*&. ttti-ciis lawwe. assanajfcR+iK? 

[0296] SrLW ffiSRIfSS: 

affirm ^y^-Kr y y-v>u<73«*flt*^*ffl%Lfc. 
«*<0#iSTtt, K«tt£Ktt, WKJtox*/^ fciE 

CLT1t<. 

[0297] J: h t , OT<0 J: d tRWTS 

[02 98] «Tfc, *f6WW*fl!*Ufe, ^Ul/- 
-OHL O-OIS, S i -S i fSjtf03S5S<O^ry v-v 



Ota, S i - S i ratfOtotaKO^f-y^-r/Hi^Rlli-t 
3«fc* J E*r*>W=J:'}lHHKi. *S 

■r , 'M Lmtg%5mx'\±vtxcn>^mx-m*a\ mum.* 
•cws. 

[0299] SUKKEatf htztktz O+JWifc&tfJfl^ 

[0300] *%Bfl#^»li, f«l*WU tWHsa**:: 
fli] 9 SRLV>tta<Oab i n i t i ofrHStfl 

[030 1 ] iCTliS iO,«:Wcfih>-O>40<. fli! 

[0 30 2] *JM»t|t* f iasLfe«iU^Sal'-^ 
<^Mtl«tH3 8KK-f. (MD ) t 

WKEKBR ( D FT ) t£-&(£LfcfrU^S;*iS*l. 

fccol$vvfrtt£H3 9 im^WbMTIiZTFCf. 
[0 30 3 3 H3 6Cwr«IIK. ft^lWJ* (MD) S 

( D FT) te±¥#Sr.WOi&. fl-^lWJ^i^K 

?ry) isico^-ryi'^/Krtt, ^*>s&- mm*>t>&#>fc 

fifi?j\ WJSiflRKR ( DFT) 
*LX. S««DFT(!0»4W±iBJKJ4*KtUfc. 

[0 304 J *SWB«»teJ:*^5al^-^WtH»*« 
**SWt=SifcO*W:fc l 3l!WlLT»4. DFTgS 

TS 
[*H3 



<„ «T*BEB <4t»M»* TS*©«&1" »=) *^«*n(r)<0ia»8ttB[ii(r) 

]T**. [R1043 
[ 0 3 0 5 3 AP*> 

■ D,(r)W.(r)TZ<r>d + // {2n(r)n(r'» /( I r-r' I )drdr' 



+ T s tnCr^ + I xc tn(ir)] 



- (2061) 



[fl-2] 



(4 1 ) 



*SSPP1 1-176 906 



0. [ftl05] 

m [ft io6] 

13*31 

£3*n*o C2061) ©B[n(r>]©*#*0 &*3i>T»«K S 

#S^(Kohn-5haB equation) [ft 1 0 7 ] 

[ V 2 + V eff (r)]^Cr)-E*Cr) (2054) 

V cff (r)»V z <r)+/2n(r , )/( ! r-r' i )dr' + * E xc tn(r )]/<Jn(ir ) 

... (2M6) 

*f*^T> H*ltB©'M^**&N#mar*« (2 0 6 5) p n(r)*A 

n(r). 
*(r), 

£B2fc«*(»lf-consi stent) fc||*^«ltWrfe«r [0306] 

/Mr- e xc (n) C«T«»i*»tT«» LT , [ft 1 0 8 J 

l^&Kr)]-/ £ K (n(r))n(r)d - <2068) 

fcUfe. e sc (n)OW4ttignedfc«3Wr^ V^V^H [*h7] 

O^-n^***^***^?*^ «<0fiHTe^0W 1 0 3 0 7 J ±x*/Hf-fc LX. *«W«W4«lf«r 

^OBRSr^Si&Ct^Sfc,, [ftl 09] 

E-fi^^rK-r^^r)* + U< D Cr>. Wjh {« "■)) mn) 

[fl-8] 

e &*f) . 1% (207 1 ) *»fe«BURl WiDFT [^9] 
CO* (2065) 

i5©T 8 [n(r)]tf*?), 5* ( 2 0 6 6 > ^3©^*)^ (2 0 7 1) OUtOli 

(20 6 5) *»&Veff 

(r)-C»^tix V z (r)*ifr>">t^ll^tTft9o 

iiT«Lv>#i*tAiifc. EtdC^yj/ir^-x* [ftl 10] 



(42) 
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i-l 1 i-l 2 i-l 2 



(2072) 



L = K — E --(2073) 

^ (207 3) +COM I «*S«OJH^ (-f*V) COK* 

/# t *(r,t)# K <r.f>4 -ff u 



[ftl 1 1] 

- (2074) 



[■112] 



[ftl 13] 



M X R,- -V„B 



cms) 



(2076) 
(2077) 
(Z0T8) 



jU 2 0 7 3 ) 0)&mx.*)\,*-(OW£Ttf*tm'tb. 

CV2-Y eff (r»* l (r) +Z» k (r) 



[0308] ffilitf . // M, fc LTWSB*>&T- 0 

ZCOtifJi (207 6) co^mtfionz^. *r 
jZKi3C (207 1 ) fc ^T^ftSfcJ; 0 
(ftl 14] 

- (2079) 



MMfcS*lTKS2rB* (20 64) *®h. OiODF 
T-CKS^TS5«SrJjHr^^fcHt*S*8rsinilated anne 
aling XUktzZttth. fctfU fflflETOttJRfcft* 
*>fc, annate J; &Wttft¥X<OjU» 
£iE^ w C^&# i £>. dynamical sinwlatedanneal ing(DS 

[030915U2076) ^»#£-f6K5K #i*Lfc 

TS?BBL^gRlffia(^4*?7-yxffi») ££ft£L 

** ak <r.t)« lV2--V cfl <r)]* nk (r)+A nk # nk (r ( 0 



tvx^ntmx+imm&im tx&<zt &*mx-h 
ftizm&comm&immx'Zhbziztt, ±&co 

{A ik ) t^«^*0iOWWS*«r0„fcfcET. 

[03 10] «!> nk te 
[ftl 15] 



[ftl 163 



^^Cr.t)-^ C oJ[tc (t)cxp[i(lc HG)-ir] 



(mi) 



(2082) 



Wl 1 3 

WfcSftfcv*) ««JK-f>^'r;UV aff tWHUT [ftl 17] 

v e« <r ' t) " z V c (t)expCiG • rj - (2083) 

3U2075) £:ft<207 6> Sr5U2 0 74> fcft 
ALT 



[ftl 18] 



(4 3) 
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M 2 C 0>I|t (l)ejL P [l(|i- t .G)ir] 

■ 1 1- I k + G | z t A ^ c % I+G COexp[i(k + G ) r ] 

"pc^' Vc Ct>C "' lt6 ' (t)expCi(k + +r) ] "' (20M) 

W12] 

* C I4G (t > - t- I k + G I hi aI ] C a> 1+G (t> S V G . e , (t) C^, |G . (t) 

-Uk + c i 2 iv 0 (t)-a rf ]c^ M (t) 

-EV e . G , (t)C D I+G ,(t> ... (2085) 

<u= (( I k + G I ^V^O-i^/p) 1/2 ... (2086) 

*je«u a (2 0 8 5) ©saa*a#K 

C „, l+s Ct+ A t) = 2ec.( » A t) C „ , tG (t)- C B K(G (t- A t) 

-2U-«,.(« a t)j {>: G , G v G . c , (t) c 0 I+G (t)J 

- (208Y) 

[0311] ?-a>#7->>-*Mt, ammzK: *-f**5$T*&. 

*. *»^Ji#1KLTP<fc4JBfc#j&^4¥t:Ji.i* [03 12] 
BJU:. Wfc«*«3«L*»'Sr*»->fc*«, frL<»4« [»1 20] 

v (...)- v («.i)- 2 ' /3l3 '? ^i' 2 

J ••• (2091) 

<2*S.ftl*!T'fc 0 , Z i , Sf5R i « i f&^£0ffif*i: WltfVitf&Vn tt»fe*»tJWf * . :«9#ttft*m 

zztizzz. mfcvtc^&nftmizMm^iomtfib* [03 1 3] ?-ny • ir^y^^ivi 
iM^mtmtfi^ 1 0 k'tcowmznioM-rm [» 1 2 1 ] 

N N 

«• E £' 2 Z.Z,/(| + x .-r.|) 

W J-l 1 1 i 1 - (2002) 

, aT(?)Jidl,Zt&%Uz. y. zHfac»Wl<rK7V)VX\ n,, n y , n.li-tfl-f 

[0314] ft. (^i^ttA*)*^) -»*»6+»fc;bfc*Mre* 

[&122] I). 2' <0"(i n=oC0^f<Oj=iSrl»<wt t 

-n I Z I +n y Z y +n z Z z (2093) fifth. 

tmtl&. ZZlZ, n x , n,, n x *»**l-Wlx. [03 1 5 ] ££^U>F|J«**Al/C, 



(44) 
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[ftl 23] 

CO K od 

K Cr)-/2/f»i >: Z ,exp[- I n + r ,-r I 2 t^dt /G(r,t)di 
0 j-1 ii J ' o 

- (20M) 

[*H4] 

G(r,i)lir©W«Mft-C*5o C ftl* v - V & * >: £ 

[0316] Ztl**ftW%W\iZ fcfcT«D«fc*»l, [ft 1 2 4 ] 

G<r.t)«2jr/<L +L+L) I £eip[-* 2 l I 2 l2*i (r-irJJ 
7 J-1 ■ 3 

-« (2095) 

-■ x (l/l x .0.0) h» y (0. l/L y .O) + i a (0.0,l/L 2 ) ... (2096) 

fflm,, m y , mJi*^iX-oc>*>feoofc3bfe6«« W15] 
X'foh. = oKMi. 

mpC«-.]-i zz^o -e*o. *ttttart©*««^0T*nw:, m=n 

G<r,t)«2*/a +L +L ) S £ ' Z,/t 8 «p[-r 2 | | 2 42* 4 (r-r.)] 

»• (2097) 

PC )-/ 2x/(L _H 4L ) £ £'Z./t d «p [- k Z \ | Z +Zr. (r-r.)] 
0 * y * j-1 a J 1 3 

co N 

/ V4 * £ E^expC- Iriir.-r It 2 ] 
C j-1 i J J 



[ftl 25] 



[*K 6] 
[ftl 26] 



]dt 



(2101) 



/ l/t 9 wpC-a 2 /t 2 ]dt-l/2a Z erp[-a 2 A 2 ] 

0 •« (219S) 



/ VV *exp[-b 2 t 2 ]dt-l/berfc(M>) 

k - (2103) 



[0 3 17] ,rft£J:»)* m><n9-uv#7rV*/*)V [ftl 27] 



(45) 
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OM/(L,H tL ) I £'Z./| l 2 cxp[-* 2 l t 2 /* 2 ]c©»t2* (r-r.)] 



+1/2 



X E'Z,Z,/ I +r .-r I erlcU I lr .-r I ) 
j-1 1 J 



♦1/2 I Z, li« \IJ I r.-r I erfcU 1 or . r I ) IJ I r^r I ) 
i«l 1 



(2104) 



[»17] 
[ftl 28] 



1/2 I Z. lLZ,/i (2//)ffKP( t*)dt-l> 



1/2 Z 1* lit (2/if* ««p(-*V)) 

1-1 1 8^0 A=l 



(2105) 



1*129] 



EE Z 4 Z.co«[2ir«-(r r r )) 
i J 

I I N M 

-Z * t oo»B*r.] I 36,cos[2 it + 2 Z i ,«int2*r.] £ Z^Iattirr.] 

i=l 1 1 j-1 3 J i-X J-1 

= (2 Z.cosUUra,]) z + ( >J Z^ilnB* mj) 
1-1 1 1 1-1 



(2106) 



1/(1 *L +L) I E'lj/I l*w*[-* 2 l t 2 /* 2 ) 
* y jl ■ 

(t Z.co«[2* r 4 3) 2 + (X Z ain[2* r-3) 2 
i 1 1 1 1=1 

♦StWIS****:*^ ^ny-^fy^Hi [»130] 



(2111) 



(46) 
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(Z112) 



* (1) -l/2 £ £* XZ^/I +or r r |erfc(« I ♦r r r 



M J-l 



J 



I ) 
(2113) 



<t> (2) * 1/2(L 4L_ a ) I '1/1 J 2exp[-* 2 l I 2 /* 2 ] 
* ■ 

( (EZjCostt* rj)]) 2 + (IZ^aoU* r.)]) 2 ) 



»• (2114) 
- (2115) 



-2*/(3L 4L +L ) | £ Z.r, j 

x r * i-1 1 1 



(2116) 



[*1 8] 



m\U in=D x (L x ,0. 0)4D y (O.L y .O)tii 2 (0.0 > L i )T?*»?. <n>l*> an-n^l 



/L^O.O+m, (0.1/1^0)+% (0,0,1/L Z K'&&. -bl£^) 

T*L^«gL&VWK#l<T, O ( 1 ) TliSCO^er 
fcOSm^J^T. $ (2) T'ti^^^expCOH^ 
J:ot, £fc-C*>*. <*> (3) TOJ^ 

cw * »in * 

El*. *)- 



-sis* 

0 



0 



[0 3 20 3 -e^IMlteff^ii:. 
[»1 3 1 3 

cob $ sin 0 



0 



0 

1 0 
0 cos0 



cos4co»0 sin0 cos#Bln6 
• -sin ^ cos 0 cos # -sin * sin $ 
-sin? 0 cosO 



::t s 4ra^»ifc^T^^io£:it«(o *)tia^/^ 

JSH^&Ete. *£<O£i0KJ;^-C, tftfh, (109* 
28 \ 0L (109* 28 * . 0+120° ) . (109* 28 * , 0+240 
° )t$<Ztl&o fe^X. *#l&<0(x,y.z>JMUi* ^ 



* - (2117) 

< 2 0 6 1 ) T\ cos0*-l/3, sin<9=2/~ (2)/3. * Lf 
^Sr-Hl-f^. 0+120* , 0+240' tltzLcO* % t 
(0Ar)£ftUt1Sii:T, 

[«1 32] 



(47) 
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2V"(2)/3cos 
-2VC2)/3iin 
-1/3 



2V"C2)/3ccs(*U20) 
r -2/<2)/3«Id(*U2« 
-1/3 



2/C2)/3co.(*i240) 
-2V<2>/3«io(*+24C) 

-1/3 

• (2121) 



1*133] 



2V (2)/3co«(*) 
rR(*, 0) -2V(2)/3Bin(^) 
-1/3 



C2122) 



2<fC2)/3coa<*U20> 
-2V(2)/3Ua( 01120) 
-1/8 



k3r& 0 #.filSiF-rt^4fflOS iH^co(x,y,z)&Bl£^ 
5**a,b.cT*r. H4 0taa*-r*fc, 2a*«J 

[03 2 1 3 

I ( 0, 0, 0) 

II ( a, b, c) 
III(a-b,a+b, 2c) 

IV ( -b, a, 3c) 

V ( 0, 0. 4c) 

o±9. (x.ymfclHMJT**:. I , H> UK IVTiE 

^i^jrSi <0#»#ft*9*i4 • W 1 S i 
HO4«60»*«^(x.y.z)ffiWi* (206 1 ) 
^)*4ttitfJ:<. W2, S3. »4S iJ*F*>fl*0 
R*JHTc7>(x.y,z)JSaKi. JR 1 Bt^fflH^BBWK^ 

R(0. 90* )CO0fe fc( a, b, c)COT1t^il 
R(0.180° )C0EWE k(a-b,a+b, 2c)CO j Ht#S& 
R (0,270* )tf>HH£ fc( -bp a, 3c)COTtT#it) 

[0 3 2 2] -e-^OflSt^ I IUkIII2. II IlIlkIV2, I 

ii mt^m^^ti^tim-^mmm^x'h^. - 

*Mrt I lfc 114tt. *»«fc 1 WBM^tWlTV^ 
[0323] Clc7)«tc3I^T S fefcWKTn 



2/(2)/3cos(*+240) 
-2V r <2)/3«nU+24Q) 
-1/3 



O-CDB^^. H0*>. 4". Wi»3 2 0 0«DS i t 3 2 

o offlcoT i fcjflKU :W:oi*^ 1 o oiB^iSS 

fcBtft^fc. £*>*te«***l**>S UK?**** 
IHIMffJUXT i ** tPZ TUBt&f fc co 

h t . mm? 5t?>attfcoT i st/***"ct> . mxrs^ 

m&sinm&ttt^zb. pzt<t>® 

[0324] J: SBBWfWf^MTl''^ 

BC^l/^Hm-CfflV^TV^WitllBtk LXlt. (DP 
TOO^ifettftT, »*, T i tf*ti*ttiU*mMMfc 
t>*i>to* (2)PTO<0*£IMlfC, ***** 0.3A"fft 
fci*>, (3)*uie<2>fcR*X«*r, clli^o^S^ 
l«A*ifct><0 (H3 7) , (4)«BB(2)K*«*:»*rs 
a «^r>^IB^l«AfL^tcO (H43) • <5)P 
TOOTt Z rl:«*ifct^9t*4. »£> (5) 
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'tiLti. KS^Pbcofteli, PTO*PZO»T»5r 

J&<7) r g2fe#&j GOZ^frWPWbtz. £tz. 
KoiMHrra*. K*»£*k. £*)R#14ktf)KI 

[ 0 3 2 5 ] fttlW^cPbTi 0 3 !Stf>JK^ 

KAKiPbffilf (H4 

&fr*ffl«.tz. a4 4WPbTiO 3 C0#fiUB<0te"C, 
£^KPb£4M>{iK^s ^L1%tffc%&T*&. 

H4 5\*W**)&®.mVt>Z>tf. Ti-KflW*<0»»fr 

j&J^vrt^&JI&WSrPbT i O3ffi<0£5Sfll 
WtifcW^^t, x 
*;^^5e4OT<OjflWC4vtB!* i k Wftfrifc . 8 
Bt*ft»£03A?£Lfcfc.r*fcfc. il 

nxv^tairc. ^ nTtimz t & k km 

bh^tlfiWyXftfr^tz. 

[0327] tfttoHSWi* r f1* J 

&6£kkfc«S8U.«i*. £tz. ELt*>tt*Ctt. 

( i> «■ 3 mm^m^z z n*Mtm ttm±m& tx v \& 
[03 28] (2)mmwmzt>z>mmzft->x , orv 

Ti^Pbji, *tl*tl (1s2.2s2.2p4), (Is2,2s2,2 
p6, 3s2 . 3p6 , 3d2) , (ls2 . 2s2 . 2p6 , 3s2, 3p6 . 3dl0 . 4s2 . 4p6, 
4dl0.4fl4,5s2,5p6,5dl0,6s2,6p2) Ztl&RW 

ix. mzp botiwam* v^aww* . 



[03 29] (3)H<J16k, kO*>»t. Ticom^ 
[0 3 30] ZtlZWk-f&fzbh, F.CLBrJ 

m<o^vy>ttz±*<&£&x~x*z>*i>Gz>zt 

[0331 1 0(2 ±OWCtt. Si ■ PZTfcOVvC 

2 0 4 J3R. Sftt'J^ACe0 2 , f^yl^hn^ 
ASrTi0 3 SffiV^&CfcfCS** ttz.mtTfo 
= -^Al 2 0 3 , »ft^3-^Zr0 2 , BWfc>f 

SZ, PrO z . M^>^CaF2 5:k\ *>-t 

JWBWfWIkT*^ U n y^x/s**UiT«S««k 

fcir vt t> JBJfW * - k li^Iffrcfc & • 
[033 2] ttz. SffiTWS4x^'$:/h$<t 
& ,1 k ifi*tfiX~h 0 > a^)x*;^Af »tc« Hititf . 
^cok#(i:^tift®^ ; 6:^'CV^<'r^ftv^ ft* 

[0333] i*«B<aWE*te^vc t>»9! 

* # Cot, 5WW*KW)*«J:9, 

Rdtu:oT. m^ztt$\ztix. cRocommzmt 

^Wi^ DS/Cofc*H>. BP 

mimzE=o<^ft»Ltztz<7)i>bLxftt>ti. a 

e«^PZTC0«*«r«B»"WSLfc. Ztifrhtofrt 
mz. *»«!HK:«r*t^tt, ^«^i««W^#^-k 

[0 334 3 £C-CfclW-*k£*«t. »»*f*«k* 

Biap«r-C«iStiL«J:dk"r&t><J0T*>&. t^t, 

Lfc. iO*nBx^;U^«rl«/h-r*^k*i. 

*. i«0«itt*WB^J:nor. frL^ab initi 

o/ttTmf)^ ^ jl ^ j: ~?x?mtz> h<r>x*h 
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^W*<^x*;k*fc*aLfcW£*LTV>&#. W* 

(4. ^twihtwawnwcftfiw, *m=aL*:i«t 

[0335] KLh2<X7C»mtt*fWr**»^L 
fc. 3i3C7EOlWt<OtW»ffi<0-tR|K-3V^rtts 08 fc 
mzWktzmiLt:. 

[ 0 3 3 6 ] X. ^W«Jt^Wr//i:'^«(c UT?f *> 

(4. X^a-5 (13) C:(6&£it&. ^tfDB*. fttl 

iS^il*4. *LT. dilute. 7r^K4) tcts*rt 
Silt tttWfc. 7r^ (4.3) 4>ft(0f-^i 
8(4. x^$/ A -5K J: ->-CF0J«Stf •£**<. *Lir. 

[0 3 3 7] M4 914, ^BJtCtefflSil&^X^fc 
>y-;Kcfco-C, i n-s i tut^^ai^S* { W 

tf^XPSym, FT- I Ri'^l^T'&O, 

*if>(4. w^«o»*is^rarttcfc»t& j F%tfT**>o, ju. 

t>«DT**. CilfcJi, 05OW& 

[0 3 38] 05 1(4. ^C4iab initio 
^SlTl^x ;il/-ya y vX-fA'\c9A7J-f-:?<7) 

5 2(4. *J6WtrJ:&ab i n i t i o^»?yS 

[03 3 9] 05 3(4. *^(c4:l)ab initio 
^U^*fT^*WBr«^t0-C**. -il(4. #AWS 

[0340] , *%Bfl«r) a b i n i t i oft^mt) 
il/- ^ g yx^.T-A(4. S i cottk-T. BMfc 
«fc:»L.Tt>jiffl-<-*it*«T*&. BP*>. 05 4(4. 
*tBfltlSab i n i t i ofl^flMjTi'S aU-S' 
sV>-AfA<OS i O^z-owX^WriW^^-f . ZZ 
T'(4. SiO,fcfctt6Si-0-SiajW**J«* 



titft. Ztl&ma-t&ZhtzXr). FT-IRiOX 
[034 1 ] 055(4. ??C^L^ia51WA7lf- 

tm^tiM¥u^ux'(?&ffim$:n?r. 055*^. ^ 

» b'H *) Htftf *VC V £ fc * s £> . 
[0342] 056*^069(4, 05 KOA^x-* 

s i-siiarat, «ra 

[0343] 01 CStfcJ'XfATIi. **W*tt*> 
»{lJ«r«mit»aix-'yM I ITff^fc. b*>U 0 
7 0fc^LJt^X-fA<OJ:^»c, WaiBrWHfttKlllA^ 
••/Mil SrWSU ro-tx£3Wrasxx», h I f*ISP 

[0 344 3 liLh<0J:9(c. #&HJKJ:-?T. /y-K* 

i/SaP-^TOPAZTIi. 098(^"tJ:d(C, ^ 

tyj4»24M^ h-e, sitraiWiaMHSji:**. - 

fUCttLT. t^rntxySiV-^SUPREM 
4T"(4. Vm i m*1t*.LX^h<r)X\ >t'Jli2 0 0 
MA-f t-Jjl±. 3Wfl»IBtt?M-ClBfcfcit*-*. £ 
^(cfl-^-SSfi^a b - i n i t i oH-fcHfc* fc , > 

[034 53 Z<ni. o fcttWCtt, HlttWab - 
i n i t i cy-zuS-^Hcfflvvr. m'F-coiftW^i!)^ 

[03463 fi!*-C'b . ±BK* : B0*«* SrtJD^rt: t 
Otftt. ^il*<09 9(c^-f7n-i/-h-C*O, ft 
tonfrf-mXTi' 5 a P-^(cij(fl»SPSaMiic^atii 

^* s 5fe(CfeL7i^ (1 2 2 3) UlSi-tS. iiUi-fT 
(C^J^ilfV^Car-Par r i ne 1 1 o^tCffiS 
£<0#ft(4-JiiS)I(cfra-e#6i2 

X-vs'-a yfa-^-C't . 1 ^cr>t8r£<r)3tWX'i> 1 3 

fc*>, liailaltf3t*LTV^<OT(4. i'lK. ^Bflfflt- 

[ 0 3 4 7 3 X. ro-t^i!*t3JaBfc«»S-** t 
(4. ^^0<oai«4: *JWI(cJ:*Uf. 



(50) 



nm^-l 1-1 76906 



[0 3481013 Ui*V)£?%:7'u*Ai'$x.U- 

T/CD-ROM1 l«7n y tf-r-f X? 1 3*<Z)*hSfl 
[0349] fl^iS1S#83l;:te. IWHHMJ^S 

[0350] zzx-Tfhti&wmi*. -tx^zmmttzt 
fAh^ y^7x^f^««^, 0*9. mi 

OiHFIWj^S'S 9 I 1 . 7t^/H, 
[ 0 3 5 1 ] X. ZrtWkisXTMis m 1 OWKW* 

u-cwffl-r&ct^ie'c**. x, c<oj;?& 

ft&^^cor n -t x 5 zl V - 9 £ ^ y t: ^ - 9±X'$k 
Midi ^/otXglhcoffl^M 
fcff*3£i:i*rD»*. BP*>, Ill^^ttSBlVX 

*-9V intmtittm-i . ia<r^H9*)B 




*U VT>\s94 ATrn-feX*J»iiR«§tL&. 
[03521 X, KMt^U^ H*0XBWQB**c 
IHLr«. ^T'(c2<X7c:x^^l^~^ii. {JiJ^ffl^ft^ 

[03 53] ^tX'tOisz. ytli. BtffcKL 

[0354] SP*>. Mt'iofc t>JHX/CV>* fc wWi 
ri^TSUPEM402<X7U-Cc7)^^ii. Jfc^£ 

X. OT*«*»*4: LX^tz. 
[0355] 
[»1 34] 

crxx+ffyy = ju/(0.5-i/) • (dwx dx+dvy/dy) 
axx-ayy = 2u • { dvx dx- dvy/ dy) 
axy= 2m- (^vy dx+dvx/dy) 
iii % C»*»-&ikW. 2^7cW ; S:#« 3 5:xyfficoK0tft 

[0356] #fWJI#W;* R?S 3 iXTtHHt^ h U -y ? 

[»135] 




^ffiM* (Plane strain) CDMfcZ^tX fr& . W*>. 
(ex^O x ey=*0 N ez=0, eyz=0. ezx = 0. exy* 

o) com^zr>\^x. ±.%ttiziv^~tztoz<oy%wfflf 

hMfiftfrh. az-Cxz- e x + Cxz • ey 

+ Czi • exy, ttiaxcrM^ &IXWL'J?SlXU%^ 



3m&z&Lft1>&X<&Zbimkfrlz%:^tz. 
[0 3 57] ±JB3t*3G»L. IBW)#nff , C^)IB 
ttvhu >/7x aj«W>TAfc. *tefls ic05¥tt^ 

[0358] 
[ftl 36] 
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:i2 ^12 



:i2 

:i2 iris 



0 
0 
0 
0 



'44/ 



■C*0sCll=l 7 2± 1 5G P a, C22= 6 6± 6G 
Pa. C44=-82 + 9GPa"C**. ZtlTftfr&Z 

ti±&LX#-coAtr7~*X'l±%^ztxf>&. zti 
u zjy^comm (iio) t l zr>\^x'%tf>&b s arco 

m&kt (013 2 (B)#HK) . 
[03 59] 
[»1 37] 

190 37 65 0 0 0 

37 190 65 0 0 0 

65 65168 0 0 0 

0 0 0 5 0 0 0 

0 0 0 0 8 0 0 

0 0 0 0 0 8 0 

iMtfrh. ttz. JW#-7mxft!mz*h (111) 

m±iz^\x\*\&T<nmz%h (0i32 (b> # 
m) . 

[03 60] 
[»1 38] 

19 7 5 5 4 7 
5 5 19 7 4 7 
4 7 4 7 2 0 4 
0 0 0 

-13 13 0 
0 0 0 



0~13 0 

0 13 0 

0 0 0 

6 9 0 1 3 

0 6 1 0 

1 3 0 6 1 



mmcomm&tm^t^ozttfmwuz. zz 

[036 1] 

iftwmmawmm] kit. ^minm* commm^ 

^xmwrz. 

[03 62] mm i 

x^^ h;W)I»fJlill!i:«ttOT*J. zzxt> 

[0363]*t, ^mmmiwm\kzm*z>tm& 
xv*(omm*ifffli&tz^x. K&wmmu'tju 

""ThePhysics and Technology of Amorphous S i O 
2 j Plenum Publishing Corporation, ISBN 0-306-42929 

JSIftkLT, IR<0&m*7V><Dl£&ffimZtlX^ 



[0364]:OTWp- 6 3KJ4. 
$ VTy (Paul McMillan ) (z«t oT#MWBKfcKtf>^ 

[036 53 «*C14* ZCOm%COXH> bJVittMt 

7 214, #(SA*ftt-E*eraP'f&«r»'C<0^ / <^h^ 
£r*fct>C0T*6. ttr£6 1 0h500cm-lO^6 

K. if-ALT. x^?N^SBft»4**rt>"C'K8 

[0366] ^OttfrttRttOT, ♦*« 6KflK4 

[0367] ±fc, ±ETWPIW>p • 7 1 **fel4. 'h# 

0>jHfc**T^*. *<OtSJft<o-»*07 3fc^r. - 
i"C»4S i 0 2 7r-f> f ^je^$r4ttWj!iac7)^t3. 5 

4. B7 3*>6#*»6£3fc« 3. SX^I-^ROa* 
taPifc»-&, 4 50cm- 1 M^;^(:S!W* 

[0 368] ±IEfl?fWfc:*JV^T/M*(4. B7 4fcfflv* 

61 ^>3S 0 lA-f *£§ft& fc S i 0 2 Hittf) 1 0 
9, 5*<0 4Hf*«^MOkLTV^, L**U tt 

14. fc^fci««4iifwiwit»%mLTvi*ici-y 

[0369] *«BB«*<i^>WI»'C«*«)eaL'C * 

WfiWtiL^XWmZIXX^h. EI33 (a) (4. O 
-Si -ot&&ft<rM&t LX<ns i 04 0ffi«tfo&# 
^^H«ft<0**^^ ! »ttEI , ?*>&. El 3 3 
<bK (c) t4. *hWXfcJ:0£i:fcV4**-W> 
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[ 0 3 7 0 ] H7 6(4. JJETWt**>p ■ 1 0 7fcE« 
SftfcW. B. Fowlerfc J: ^R^R+^M^T^H'C* 
6. H76<0 (a) »i s ^ai^t-7^-W)t* 
*r/US:^U H*Ui*B** SliNmft-Cftft. 
(b)UBl ~ i+^^/K (c)l4E4 '^rVK 
(d)t4, E2 * tTrt^ftWS-f. (b)- 
( d ) (C*$ft*^*«^*4. e-T«*nrv^. 
I 0 3 7 1 3 H7 6 J: S fc* JJEflfTWC 

(4. 10 9. 5*^4«fW«at2ffli*fc»il«B*U 

[ 0 3 7 2 3 07 7(4. *JBWMP*<t^*Ufc*rLvv» 

a. nau64a»fflvv^. ^^affif^5 2o^ 
•r. (^7 7*»^>. i o o o f tumiiaMKt'mtt 

hZblfiQtlhhtitz. Mttt. zcot£<oo-si -o 
ft, S i -O-S ift. igEaSrH24to 

To 

[03 7 33 ®24frbm*&mz. *Wrt*> r Ff6 

»j k« at- * m±T- ? #<#gft<o-c*> & o 

[03 743 ttWHRt, ^SS^^vX-fA^fflV^ 

F (») =5<M (t) • M (0) >e~ x u> wt dt 

»• (1361) 

ft*, ft**. iErt^^att-oo^feooi-cBI^Lfe 
[03753 

M ( t ) =2ei • r < t) - (1362) 

*fc<M ( t ) • M ( 0 ) >14. MC0a£fflWW»£^ 

to*. 

[0 3 763 ZZX\ ei It^^jAlCtSft&SfflkTft 

[0 3 7 73 flria«IH**rf>* ^ft^ft^JPlte 
Whs (tl ) • s ( t2 ) • s (t3 ) • s ( t4 



) • s ( t5 ) ■ s (t6 ) • s ( t7 ) ■ s ( t8 

[0 3783 fiftttf. ^yr'jy^ra^^iSorco 

^^tcSv^^fSJcoffiltt^, *ft£<7)ft£ftBISI 
[03793 aoa^ttiMtBfcR^ 
£B7 8fcST. fiP*>.H78!4. loOffltUt#tS 
*3t. 07 9J4. #a*****&<os i -O-S ifctf) 

[ o 3 8 o 3 08 ott^isawwaLfcau^ 

Si*3RUrv^6. 080^ (a) i4. XYZ^:fc 
W-fcflFft^U (b ) (4, *cOXY®/\.o£I*$:^ 

M (t ) =Xei - r (t ) - (1371) 

<?)S#fc*&fta9£*U ISmhtT. *ttIH«r<0 

^co*a<K iiita^LfcHiraawWF. 

»ffLfc. H8 12K/ : EI8 2t«-<ifec0ff!fc/P't, KP 

H8 1tt*«W«=J:*aL^^IW3^>5A^- 
*KJ:*xttx^ Wl^Ma* 08 2«, H«<oiB* 

Tjasat^rerc**. 

[0382]|OtW2 

[03833 ab-initi o^^^&SrttfflL 

B K S^f - V ^^/PSr^ffl Lfc#flW1«^ 
(4, BBRXa*a3*fr^. »a^f-v-^*4f^J: 

< t . tt&tfmtti 0 > S i - S 

frh-chh. mux. s i -ota&cowmzx*). %a 

aco»ax*;^-W*S < ft 0 . I Rcotr-^Si»» 
I4*£<ft£^«3ft&. 

[0 384 3 tiT*IHi*fe»i. Rappe-God 
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t <r> h h 4 * we*-?- > ^ a- iv k mfmft -n z m v * >t w- 

Sj^lffi jfi<Et (Charge equiliburati 
on approach) Sr. W>XSi0 2 l£Hffl 

L, fiAr^m^aibi; I R£#tf>S¥&SrfTo*:. 
[ 0 3 8 5 ] &*3, ^ffiHEffiififfiltW, ^#SX*/U 

(2#J® T com^-it^r- > -V L V ^ t C0&fr*> 

[0 3 86 3 Znj>m/3-G%l,zm^t:i8r&cOl Ry 

->tz. 

[ 0 3 8 7 3 08 4 (C, L^iSS: 
^0^-t<«ttiaT'^L^. i££58*8;S:08 5(;: 

[0 3 883 *IW(2. JifB^SfcWcEB^Sft 

mz?yx?iwm$imz£ *)m-&-tzzbizm,xG 
^mmx-n « >m t x mtm&x-b & . 

[03893 HJS0IJ3 

zzx\$, m3commmtvx. xmb^tviwu 
mf-mmm^^xcopfmi^-t. tetawca-s i o 
2 (rwr^s i o 2 ) (oft*«±T-^L. 

^X^s? Y)Vi^Wfb-fti&lZr>\\X^-f. a-SiO 

2 «i. nt*yt.s i o i mwsk±.xmmLtz^ s^-r* 

^(CtOffrjicL*:. 086(2, a - S i O 2 <0ffr£^ 
^Ti2&«£S±#$tfT:i»(3&lK$i£*:. - 

mm&n&Wi&&x'm&Ltz. msnzznmcD 

&Jw$titX'$>9 , 08 8f2it»*a&wtt»3£ffc-£'*> 

*&BJI#£><2, CKOiSSCrfcvvc, SStW^K)^ 
^^fflv^^rt-t, ab-i n i t i ofl-^ij;^ 
#&&(:: J: 

vtffLK,, 0U»2", *HJtWlT"{S. mtZim-fctz®. 
iXtt&l&tfmz l J; 3 tc*l-E$-ia«?>KI&i lt a 

[0 3 903 L*>L, SiSSrtUrF, 
-jee*ofc«^fctt, 08 9 fcjpLfcJ: 
B38*<£t, SH^S?S^Bts i o 2 fc(2£<^fc& 



5Sfflfc^ttJt(2EfBtfc$r^TLsfc5. *KEfc+ 
»tt*tfto"C a - S i o 2 zftm-b Z b U> 

zbizzx-^tat, zmtfz. 

[039 1 3 09 0(3(2, mW*l<r>X7-Vi'V>V^*)l 
it-crymi^Ltz. ftmziiMZ&'iX^&cox. # 

Tyis*Mim>L%wt>i>m>frt,z±aLx^z>. st 
ttcomz t mmizm^frizxr- > i^nm^^-MW, 

fcmwzm<n2js.<7)tifW&itztihfz. -t/ws. mm 

^ZJBtxm^^thtLt^odZ, Par i ne 1 1 o 
- RahmanC0^S-g5fflLT^I.<^T\ 

xmivx^h. 

[03923 9tM*G£tf£&X'1hhtzib, 2Wco%-t 

nmteomt^x^h. tzztmM-t&k. m& 
mmiimix. &mi,zmmzftK.m>frz><nx\ 2m.c?>% 
•tnmt9omzi&rs\^x^h. ^LXL^mzim 

[0 393] mz. *ft/mU±. a-S10,tfP* 
tm. i>d-mm-f«<$£.tfht>Zbt:M.^tzl 
tZ. ZtUZ^ S i bOcr>X7-yi' J rMZWt &l>C0X'b 
h. ab - i n i t i oX^WmXr-yy^iV (AT 
TA^y^^^hLKiiBKS^y^^^) COft? 

mjppmx'h, s i OjjR£»-3%&fc«±. mucous. 

cvlfflizX &#ryi'->r)i>x.*>i'*c-<o$ibtf01itiz± 
ZcotzlMZ, ^COVmi&oitZM, a?S«0Ve 

1 re t(0T>l>-lVXM,J:r)h&nmzm?niSmi:% 
th&Mmtfbhb^o ZbX'hh . 

[0 394 3 09 2(2, ilfficOVer 1 etCOTlVlV 
XAX-mTcommiSlibtzm^co^r-y^il'X^U^ 

-<?mw)b : MS))^*)v*?-co , $m. msm^^i^'-n 

fa**-*-. ^bco^^iV^-co^bWm^, 
Ve r 1 e t <r>T)Vzi V XAT'(2, yfyyV^yfrt, 

mfrnzmm;Uftnftm { +tt%ft&x^bti*c^tz 

<t-?-ct., ^^(at^t"^^*^^. ztntm^x 
h-hb, ®mcoxf y*/* jvmtmzitwx'b hzuz 
mmt h^mz^co h cDXh hzb -> tz . 

[03953 *ZX\ WtmZjEmzWidtzMz, Ver 

i e ttfor^^uxAS-gx^L, VfVfM'* com* w.=f<r> 

^BS^ibXM.fz. -thb. 09 3K^U^J: 
^■r y i/^ /1/X^/^- 1 3*<2fflT'»iilx^;^-*^ 
iSL, |gx^dr'-(2-«(3^ix6J:3(C^-o^„ CI 
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[0 3 9 6] KLhcO^aCIs a-SiO 
T a - S i O z *W»«±-CfWW-* - tTOk L 

{±— ^!8Blrtfc:JR*^"CV^fc. iSSiS i 0 2 T'(±, S 
i -ojtt*63ST*>s i - oftiOt/hafttt-frft^s 
i-o##<aqfcl/Cvvfca*. fta^£k-ft#&<& 

[03 97] a-SiO,CH*ffit>t<«-«l 

M = £qi (ri -rO ) =Iq 
= Iqi • r i - rO £q i = 

[03 993 %RSU I RfcW5&r*«*t;ii, a - S i 

a (oj> =(4?r 2/3hcn) • co 
S^COJfc^T'Oa-S i O 2 C0l R&-£bbZ> ZtlZk 

[0403i::t, H96*:, *»«#fe* I *rU<BB 



#*>*H8L Si0 2 *«£«*nS**:, 
/?cOa-S i O 2 c0flB££. ■« . Sf-ffiK. 

^MwwaaflL *wwrc«iu 
fc. 

[0 3 9 8] Cw^Ttf^T. Jl^cOa-S i 0 2 flti£ 
tfWtfcffc HWSLt I R*^7 WHfcS*> 
fc. IRX^WWi. ^*-A^-*Vh^#*> 

M = £qi • ri -(146D 

tt<0*&(£ql =0) fctt, H^rO 

[RI 39] 

i • ri -£qi • rO 
£qi • ri 

(1462) 

*T**tf>"C\ x. y. z^/n^^tf-A^-;^ 
[04 00] IRX^h/^S^^^^ 
R54 hfrT'b&^V-A^? h>l**X>&* 

^e-^ttWWC**. ttl 000cm 

i O 2 C01RS69!k-Sct^o 

[040 1 ] I RX^^ h;Hr*»*W*- £<0?4 * 

[0402] 
[»1401 

• (l-exp(-hco/kT» ■ I (w) 

- (1463) 

x^h/uts^r. Hiooavai oic** 

TOfcfcJMH**'****- **** HI 0 
[0404 3 H*fe^J4 
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[0405] ^<o«tt*^ro-txan-fcli, ro-t 
[0406] ( i > a&^s^WHKS-eii, s i »«c 

«SrS0, riUS i 0 2 5rSJ6iitT. Si 

s i Ottcotmmmomwzx <o , 

flIJt ^SSUt 7n -fe x Sr it *f & ifflBfl* * *> . 
[0407] ( 2 ) SdWtWiMUl* ff*"f 6 SW*> 

[04 08] ( 3 ) «v ^S*Ji««jftMI««">x;HW* 
[0409]ClcOJ;3 s6r*WW>«r*»?, *n«te?:WW>* 

•*{SOI«fc*SV >T . i:V> J: o ic^ISr ill*.*** 

xM.—wsmxi>h. 

[0410]3<->£*fc, J6*«WH , H®4W>t» 

6. mm. si (ioo) wKtffl^-cv^***. * 

tfOffcfftftit 9 W±0 1 0 2tc^-r J; 5 £ ( 1 1 1 ) WV 
BUT [1 00] *W 

[0411] *«fl#1>fcJ:*5''S > : y^.T 
A*. M^^fcoBHfcw r ^0j * r*ubj 

[04 12] riX^WJRaSrO^SCSWI^&fcfci 
■C8r<. )£#«!£. SfcKtiu jC^fcTTeo^ttftriJ-ffi 

HWHR^tHUI s ii & T*> * 3 s o i ««o locos 



0, KHfca6ff"»t=t 0*)»tl6^<OlMftStt<Sv^, * 
[0413] d^i o Zimizto^X . ti»««Mttttt 
T-C'coK-fb^^aM^ fc;fcTT<WM!l*^J£t«w*T 

k WWMB&fM* S fefcU;U6:JjTTtf>j£*M 2 ifcrc 

[04 1 4 3 £*ico*<7>i§S&<7>£aH^ P«5vy& 
tXFT- I R£fflV%fc. £ft&^fti»»Z>*-v 'J TV- 
S' gy«i. f>t>tf>t#>ft'>fz. Si^SiOiCMtS 

[04 1 5 3 *fWB«fel±> w<o*rt^«a25X 

3Bt»«ISiMF«r^. s 1 W»1tZtlX. S i o 2 CC 
=5r&i:. *«»«*lBC-r. i<0t*> S i o 2 tz{i«i 
SWt* 1 * 1 ?, -€-<^«C^)c75— gpJi«Sfa^n& t)«o<7), tS^ 

[04 1 63 M/yfa-t- wHftitMfckO, 
■fc-pSTtfiflfclffl^ a^L/itf0* ! Hl 0 3T*>&. * 
-f. jH*ccoj*fbWa<s i OjCci'J^L, s i o 4 «t+tc 
fSAUTff<* s s UMUW<OtattD " tts i 0 2 

R*O**tf<0lWi*»t&. Si/SiOj 

[04 17] tLTtt. Si0 2 
+teffi»J6* aWfttttt k. * v b v-^^M^IBlPa 
0 , UMWJWttft* WIH-t * i t t=«r 4 . * . 
S i S«<?)iS±(cEJaJC* o k- 
S i M^IS]I«* J «* 0 > BMfcJWWftA«r»x , 

[04 1 8] 4-, £J&JlSCOx.j}\v)<nf&.-ft£ crxxfc 
(cwlr«. TIE^ (1531)^(1534) WW» 

[04 19] 
[R1413 



(56) 



«»PP1 1-176906 



•0531) 



k' s-k • exp (- 



anVR 
kT 



• > EXP (- 



fftVR 
kT 



-osao 



0u x 0u 



( V) 

2 



YJ 



0u v 



■(1533) 



0u x 0u 

o ( — ^ 

17 0 0 



V1SC. E 

*-VISC. bzp ( > 

kT 

34) TWRTS*. ZZX\ VISC. O, VI 

£fc Si/Si0 2 ftmiziTVlMl 

fc||fl*^Si*i«-CKje^*«»^»BfflBt^a ' (i, 
l«I«tc±ia^ ( 5 6) co«J:3t;:»&*H*:&, --K* s 

te. an =- (crxxnx 2 +c*yyny 2 +2crxynx n 
y ) X'fo*) s ov=- (tfxxny 2 + <?yy nx 2 - 2 
xynx ny ) Vfo&o VRl&U*— 9Xfoh. ZCOjK 

^£ ±ldtf>S i/S i 0 2 JWB"C\ K 

flaws i i l z^^zm<omwift<oft&wmi£J)<?>&9 

[04 20] »MUI+^»fl*J^^«HRD' 

±te« (i53i) -ctmctb. zztz. p(i^ 

3R-C*3HS*I*. aP*>P=~l/2 (tfxx+tfyy) 
[04 2 1 ] *J«!*£#avtffl,fc. ZWStftWHO 

tm^mzm 1 o 4 *-$\ si/sio 2 #i 

thh. ZCOutm^X. ±IE:# (57) *>WB:fcSfc# 



^cOJCGA^fflV^T, * ( 5 6 ) . * ( 1 5 3 
1 ) . (1 5 34) £fflvvtBHL3IJg£SMt 

a. -tut, +»jt>i)tfws*tbt. &#>x, *tlhk 

[04 22] Cl^iai 0 4KtW«t^^ ^t^f 

« h V y+m&V. ttJWfoS 1 3 0 0&X\ 9 0 0°C<7) 
BMfc*»*fc . UMiaWBJRW F94B*100%i:U 
*fc»HfcB*IWi3 0 0#fcU:. EWS Sun4£ffl 

[04 2 3 3 *JW»*tt. -a - b ySgP^tt*^ 

zcoxmitzx*). 9oo 4 c-i 1 oo'cimizt'). u 
*^co 1 0 0 0 ftco 1 jaTfcffl < - * jws*fc . 

t. MxmaiOLiti&h* mfofamv-frtLxmrn 

X'Z&bZZiX'fmLtz. 3HMB*fett3feH, 
[04 24] 01 0 5-7 711, JOES' S a 



(57) 



ftm 5 ? 1 1-1 7 6 9 0 6 



ifx^T < xmrnm-b hzt tz . 

[0425] **W«fett. ^^X^ASrfflW bVy 

ftttfiM***. arc, «^^5flacoss 

[04 2 6] ( 1 ) BMUHSWtt*^ 

(2) y'Jny^f^ 

( 3 ) K^KIfccoK^ficStt^T^ 

( 4 ) K^ScOH^CiffiStt^T^ 

( 5 ) mm/S i EcJfcOS i *MJ6a«#tt i E'7 f H' 

^0^^(ic:n^5fSco ; eT^c7)rt. tofct>S:KW 
&t<0t4, S^lct>»5^T^Wfe, Si/Si0 2 
OTBtws imSL<nfcJ)Xb&ztt:& 1 £±#>tz. 
x\ 9 0 0x:v<7>\ i 7<imt£M ¥ )±ifZ>zblz~r&. 

zcom^mmcom^Ri/s \/$ \ o 2 #h<^k£ 

0 0-C K 7 -f mtX' 3 0 0ftt£m.tth t . 900T; 

[04 273 fiP*>. 1 0 0#«**W**Uf* Sliif 
flWK£ J: 0 . &m&j)rfn&<7)S i 0 2 «|**±: S i ft 

LT, s i ««-CcOffWB*fc: J: 0 . mtRfcaWitS 

i R»ft^tt*. ± i o%\m<mw:'m&mx* 

[04 28] Ob<0»fttflMILT*J*. Sfe£*#J! 

«^B«MS«ft«raWfc. STI (Shal low T 
rench Isolarion) C0S®^W^— mz 

mmifz. ;:tiiifif(:, hwy^±»«<o*i*>xg 
«oawt*w*aw>fc. iMBMEtti 1 o o-c. 

143%T\ i0 04MBittK:ov^Afc. *<oltJIL « 
[04 29] ( 1 ) JitWA, po 1 y SiOlHfc 

[04 30] ( 2 ) 3l&ttdBHbP*** WBtfilMtS 
ft. S*>^<£ft£i:. SMW!Ott»*<*«fc«^L. 



[04 3 1] ZtllZttLXs 1 0 00°C»*#E5 0% 

x'<n&imcomj)ttmzr>\\xmtLtz. bmbb43o# 
&j&&X'$>h. 9t<oi 1 ooxjim^iem* 

[04 32 3 **E#S>ti. S^c^ttS^v^i'- 

eos mmftt*<?>3£Bm ^m^ti&zt tz . 

[0433] BLb«0«S*Srt,k(w. *&0J!#<oli. «rte 
i-K*)ffix*&& (111) H±-CO#«WBr^t-*i 
U, 2aSySaU-^3^tAtli ( 1 1 0) JH 
±fctWLfc***fc. ££*UKK£LT. 3 0 01/ 

WfciU 6 0 0«/#t*"Ca"t4i:. ffl{a£J:-?T 

[04 341 JaJi^<ll»I-aSrS r J^fflSU'C*5^T. £ 
WrlHTW^ ( f-7C MO scoliJSxacov^*»Bfl 

zmmitz. ttb-h. ^ A i/-^w:usa;f 

[0435] *#XS*i, 0109 9-?&ft • 

^«ias i i«>a^cMP^afts i awj^miR 
*<owKiifljit:«BLfe. mtAcyssbmtix, m 

(4. ^^«Mc«<. LOCOSXSWilMfcWSRaV 

[04 36 3 Ell 1 0(4. 1 OOO'C, LOCOSIg 
*Ti*tttfxx*WHBBL 1^1 1 Hi* ^1^< 1000 
•C. LOCOSX8»7Wr«o^yy^WH^ 1 

2(4. mt< 1 0 0 0°C. LOCOSIgftT^^xy 
C0»*H, 01 1 3l4LOCOSXg*ITf*. 2 5'CH 
i&f&ZTrftzmcOoxxnttlfim. 01 14i4, P!b<L 

4^H1 1 5t4> Rlt< LOCOSXS*T 
f* N 2 5XI*CiUKt , TH r fe>*^>tfxy^)»*Blt*<X'f p <t 

[04 37] z.tit>nt8rcmz£$iz* cm pa. 
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LOCOSXgfcftoi:, ItftCioTIBSgL^ItfUR 

OT'. JW)*«Wllll/Cfl<. *Wtt*tHl 1 6(;:^L 
[04 3 8]**:, **WtfeiWI«U 

g*. JfRieiUHBJ&XS. Sfctcli, E*XlI*i£*: 

[04 39] *9WH*6li. ±Kx$.=.V-?£ffi^ 

Tt:*t. 

[04 4 0] IS!fc«aj5 

^-n^mt tx tss-eft*. 

[ o 4 4 1 3 v 'J 3 yS&KftJBiCli, ^ 'J 3 yA^-ffcS 

i 0 2 *«*fflfl|JiTft-5rh? A »h"oy«B6t*"C» 
t,Ztm& I R*"<.:7 Wl^ll^ l^U-C^ABi. Rtflt 

[0442l«Bl:. *»J»fcli. MSPBt LT, x 

tf^aWltttSrli^Jt. 01 1 7fc^srf J^K. ^'Ja 
y ( 1 00) ***fll*U *«MtISftff-9T. * 

C. x'jayMRtrmflaWfclliAL. Hi 18£^-f 



8 0 0°C*^ 1 1 o cci-ea^StffcStffc. 
[0443] 3f^)ffiJi<0^ 'J 3 yfffURSrJBl* Lfc 

hi 1 9(=sw-j:dK28Wcff-»fc. mimosa 
mmiSJizz 9 0 o*c *■?»«■*• sxs-cft 0 . s«is« 

3S2SPg»i9 0 0-C*>(bSair»ja$ 
»^aJK*9 0 0 , CWT^ia«L> , ' 1 :«-&^{i, 
[04443 £<0|*ii*WMOR5eii. J5'B£. IWfcWOtt 

^IIWOWttiraBfttW^Wt. 01 2O&t>'01 2 

1 c^ut. *M-cut. mmmi 1 0 0 o-ct m. 

[044 53 0120 liASW=5rK^tXS5rff ofcfc, 
-etl-ffL 1 0 0 0"CT-{MSLfc*&, 6 0 0°C/m i n 

■eft«>L.fc*^, 6x;/mi nT1ftttLfc*#£fc^t 
ft* . 0 1 2 0 Cjjrf .100 0-C«^<7)ia-& 

umtm^x\ mij]wm&ztii>(r>*x'$>hz\btftt 

fritz. 

[O4463012U4. R tKa3§ST'WJ5^^i!) 
■fr, »««riaJSt:t-r7 , n y hL^0T'ft*. 012 1 

9 5 o-cwxco^as^ts^i^^* 5 ^*^ 
0 . tttt* t> u < tt«»tt*««i* * L . 9 5 oicjy 

Z^-*z\ttfftfr->tz. 

[044 7 1 Z\<nX 0 &$mfHfrt>W&Ztl&£'} ^- 

«oimrff->fc2«iwiatfflv^iif. wwt 

«HHIWtWi*ifc* n Tttfc* , 5. b*»t>IWta 
«?«!MB5MS»<!0I6*>A>* t •&««B?3 SrS-' KSt* * i t 
[04 4 83 ;«J:5fc:U-C#lftLftteRtJfl^. 2"J 

it, ztihmntmindizmtiix. *%twmt>tfm 

^LtzftTl'^frkft&^^&X'isfrtzttfl. XS 

mmsLtmiw*<?>&m&t)t<oiai>z. mi 2 3^ 
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Zb 

[0449] <xcr>mmt lx . Jii±coi a caasfi*: 

ftKafci: I R^7 WUcottJHtffa*. **W^^«J 
tt^ffitffl^Tfiofc. 01 2 4li, aaJETJflUDOir 

[04 50] 01 25 li, I RX^ h;K0«fe«*><3 

s i -o-s iitmtmv-?(0]Gjjiizj:&mii'7 
htajeL-fc**?**. aaattwafcfcJtiM-* 

k, ,E«SJE7>T-S i -o-S i«#»tlM*«K-?tf>HJ 

-fsaWft* I RX^7 bfrfrbftktlXii 9 . ^« 
fcttJH«<HR"f*** , 4i'*>-9fc. fit. 

ft£L. *WIU:. 

[0451] sfeK&wmafcL-c, jcflfcaaattfc 
(omaw^tz. «ti*oa«<offiajea££tTv>4K 

£tt«LT. QbdoajgfcfT-sfc. y-htEScOttfi 
Wi. BHtBlWttttlWd*^ t*V*J; 3 {c, 9 0 O-Ctt 

[04 5 2] 01 2 6{i» 8t«<0J5^«T«»fl««OS 
i -OK^<0«a#flilW»t»B}Lte«. ^-js«^s 

6.012 6K. S i -OfcTWAtfl . 8AJ2Ltfc 

%^x\^\fflmw.tf5%imt.&t. Qbd^itc 

[04 53] f^a(dEBra*^b-» 
*7 h 7-^«Bt<«Mt»is ( i ) KMtaw*£a s afln 
•r&it*»/b, s i -o«*«iifcM-*fcv^* 
fc , ( 2 ) 5iJK?*i$Hta<7) i Rffl^t ^'C^r^ 
£>. S i -O-S itt^«J**W^SfcV^^««02 

J±. *at:BII«Ufci/5*V-^teJ:'). 0127t=* 
Lfc«k5lc, BMtJtoaf**tft«4S i - ofe^-^co^M 

*.T, QbdtcOffllH^rav^aiL^. 
[04 54 3 Qbdtff^Si - O&'&CDVmtfhh 

J: 3 KJtJStt- & . 9iaifcft:(i. r &M • 
tffMflWJHMr. ffi^x'J 3 ^«MtBK0»lR • fPflf ■ ft 



SBB*J J:tPF*HfcK J: 6jEfLM»J p . 10 1-104 

T-*>&. aHfta^aasfern^AGAuss i a 

N*tt«LTtt*L-fcfc;r*fc:J:*fc. WfcSi- 
O - S i **fcft«r . -e-cO^'C^RSf^jETL^fiiai* 5 ^ 

#<{iHE^S-ffiaLT7cW««^S. L*»U HBBi 

»t, mtxm<%^x\f->hsi -ots-szw^xter 

[04 5 5 3 *wmt>lizl:&b, i<offr&^ipC 

mmwz x o wfcis^**«ftj t . aafcaiKKiWB 

[04 563 liLh^i^^^ff^ik^J: 1 ). (6fl 
Wi*X'<nm\3&<r> I Rx^7 $S"C£ . £<^. 
a*u^r«aafca»fr^fc»aBM t afciirt:£ 

[04 5 7 3 WJEXa*raX,*fS i -7x;s£, BtftBB 
J&JfcgSCaAU 1 0 50t. 5%S&£-£tJdry 
o 2 8«a,T\ Bra<oiWt(?j«MfcJRt»jftUfe. KMC 
BUBfifcacaffli-C^x^SraffrU BfoLtzfflU&n 

/UOS i -0#jk«)#«Mie-^8lflRtK*fc o. as 

1 7cm-'<7)>'7h* i aJ^SiX^. 
[0458] h**>4>, BMUR^O. 2GP 

iifc. i£0y7hMy7hB#fll 5cm-'tJ:b«L 

[04 59 3 ifc, *S6lfc«tO«)«S-it«f-&fei'>, - 
a5£7)^XAKJiHiarx-;uxSS:#*IHi-f, %<n±& 

mL#£mznf&znx\,*t*mmxMnntm&m 

«r#«L-CJWJUfc. 0 0 Or. 3 08*0 

[04603 Tx-/P^7f*. SK I R-X^? h^S:* 

■C, ^co**, yn-feXtttaLfc. 7n*AZtesEL 
titfr&b. IKE L&A>-? Qbd^>ai^Srff-o 
fe. mjEltem-kX'lZ. 45C/cm2 , <s 
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co46i] ttis winwmz&t&vx^izti^x, 
imzmmwz. mmmm^zmmv^^^M^ 

mzt&txwztiib. mfiMmcotzfrcr)T--)wma 

&<&gX'b^tzi)K ^Wmtmnn&ft*:^ tilths 

mmuz. 

[04623 

X'%<. MO S L S I f^i^S^HIt&gS, 

&&mz&rt$>mt>titzSLn u *com" w^m*?. is^ 
tifzm^n^ w£&z&*®ttzimL . ~v 

^LKtf^MTs-thhnx'hh. mz. *ftmz±& 
t , ( i ) #rD^xg*^«5^^> #®^co-r*uo 
magit^sru (ii) mmco^- ^-yx&o^s 

-c*>6> mz&tz. z.^x'fis^mt. (iv) rn 

i&ioizLtzfii, ( v) 3&U^!ftxy^y£fllJD£ 
-£to£u (vi) Srt^a^^xf-A^^Pt^ 

[0fflofS#£i» B Jn 

[01 1 *%mz£&i'*'r^<r>^fr*7Ft ] $<> 
[02] rKf-y^^/W^S^^n-f^^t-^ 

[03] *^Hflt^fflV^*^LV^ab i n i t i o^^Hft 

[04 ] ^-^M^ ( i ) t , milOJST ( j ) tOft 

mz. z hizm^nm^ oo frhmz. ( j > taur 

[05] r£fifl»OgB«lfcU tfSrt&TftSfcU CI 

[07] #fl)A?y^^^ I It. 
[08] WU^^l/-^ I I ru-fe*5» 
[09] *Rffl2 • 3JJCJcrn-feX2/$Al/-^<50A*^ 
[01 0] ifl,ffl2 • 3dSZ7X3±Ai'$*l'- ?C0Xf) 



[011] *ft»*OSOtWtci*2a*^-»«:^ 
0, 

[012] >f *yfl:»o^-py«s:^fflw««Bl*^ 
•r. 

[01 3] 4 *y^^7-uy«£fWH^*SOT**R 

[014] 4*>^<n9~u>mWfem<ni&$M*^ 
-To 

[015] «*&KT<«l*'r^«rt*r. 
[016] TiVfjV&W^'i F4tfP*w*\ 
[017] ■FFflftiltMtf^t**'. 
[H18l-rhU-y^X(3063)tHV^««>fc«R 

[H19]7h'J 7^^(3 0 6 3)tl»V^^«S 

[02 0] "?MJ v?X(3 0 6 3)£#Vvt*bft«ffi 

[02 l ] Si-Siiao^-nyffiSf^fflJ<oltKe*^^ 

■r. 

[02 2] CkO*W*<2s(-» 0 , Si*«2s*4^|±3sfc» 

[023] &^Rxf4mnmzmzizm&Ltz±Mi& 
mwtm<o^m% £ a t *><so £ ?n-f . 

[024] J: 6»TH**S/ 5 a U-^<o»t 

*SJrC*>&0-Si -Oft. Si-O-Si*. &tfO 
-S iS0S$-^7 r -^0o 

[02 5] SEJ^^U-^aV'^fA^WS 

[02 6] ffi*co^^U-y 3 >v^f 

[02 7] a*ornHrXfcSg»rn-feX^)JR*«iRSr 

[02 8] SHM****^-*^ 
[02 9 ] S^OWKSr^T-'-^H. 
[03 0] 3£fr<7)fllJS £ *W~"T - ? 0 . 
[03 1 ] ^^^W/a^f^W^ 

[032] ^cOx5^U-"5^3 yy^fAt^^^n 

-fe t % comff&&&*>& £ ^^0 * 

[033] ^i/^l/-^3 y^Xf-i*(Cj;£j£f& 
x y y coaw<o*^>— » £ 0 . 

[03 4] ^BflSfe^BIBtLfcfTtV^bSnitioMDi/ 

**.v-*{z£t>'<.u7At!4 hts i»ttft^*aHfc 

com. 

[035] *$tw%mz£ mmz± li*-*^- 

[03 6] *»^#*(w«t&aaBII»(Cci:&^5AU- 
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